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THE SEMIPERMANENT ARIZONA LOW. 
By E. A. Beats. 
{Weather Bureau, San Francisco, Calif.] 


Although there is a rainy and a wet season in the Pacific 
States, it is sometimes fair in winter and sometimes it 
rains in summer. It is the good weather in winter and 
the bad weather in summer that are so hard to predict, 
and I believe better work in forecasting summer rains 
would result from a better understanding of the action 
of the air over the interior of California and Arizona 
during the summer months. 

In the book entitled “Weather Forecasting in the 
United States,”’ written by officials of the Weather 
Bureau and published in 1916, I called attention to the 
Great California Valley as the place of origin of low- 
pressure areas that produce some of the summer rains 
in the North Pacific States. It is my opinion that this 
center of activity has not been given the study it deserves 
in forecasting work. 

Among the effects of heated air over a definite land 
area mentioned as being the cause of rainfall is one b 
Griffith Taylor, who is attached to the Commonweal 
Weather Service of Australia. He states: 


The regions of aes convection are logically more likely to 
control the supply of lows and of rainfall and storms than the so-called 
“centers of action.” 


Mr. Taylor’s explanation of his theory can be found in 


Chapter XVIII of his book entitled “‘ Australian Meteor- 
ology,” published in 1920. He mentions two convective 
centers of action in Australia, one in the west-central 
portion of the State and the other near the north-central 
portion. 

He states: 

Over such centers [of aoa * * * there is built up a column 
or dome of warm ascending turbulent air. * * * The building up 
of this ‘‘dome” increases day by day, until it becomes, as it were, 
top-heavy. Thereupon an eddy of air buds off—much as the satellites 
leave the parent—and sails away in the current of upper air drift. 
which is usually to the east. * * The chief rains are associa 
with the satellite lows, which bud off and move to the southeast. 


I am in thorough agreement with him in what he calls 
“the convection-dome hypothesis, ’’ whereby it is assumed 
that strong convection over heated areas produces eddies 
that later develop into storms of sufficient energy to 
cause rain; but the Aleutian low-pressure area is, never- 
theless, the dominating factor in generating winter 
storms that affect the Pacific coast of the United States. 

However, a number of the storms causing summer rains 
in the Pacific and Rocky Mountain States, according to 
my belief, originate over the valley of the lower Colorado 
River and the great interior Valley of California. The 


More rain falls from these low-pressure areas in the 
Pacific and Rocky Mountain States than is shown on the 
weather map, as all stations reporting by telegraph are 
located either along the coast, on plateaus, or in valleys, 
whereas the rainfall is heaviest in the mountains, where 
there are no stations reporting daily by telegraph. 

I myself have seen a cumulus cloud form over an intense 

conflagration. The base of this cloud was so dense as to 
indicate that rain ra fall from it at any moment. 
This fire was in a lumber yard covering about an acre of 
ground, and the cloud was estimated to be about 1,500 
meters in height. If intense heat over such a limited 
area will produce a cloud, a less degree of heat over a. 
larger area might generate eddies in the atmosphere 
that would develop into low-pressure areas of sufficient 
intensity to produce rain. 
_ It is asserted that upwelling cold waters in the Pacific 
Ocean just west of California mark the eastern extension 
of a so-called permanent high-pressure area. From this 
ene area come cold northwesterly surface winds 
of high humidity, so much so that the California coast is 
bathed in fog during the greater portion of the summer 
months. 

In contrast to this the interior valleys of California and 
lower Colorado valleys experience temperatures for days 
at a time above the 100° mark. To the east of these 
valleys the prevailing summer surface winds are southerly 
with low humidity. 

Thus the conditions are ideal for the formation of 
eddies in the air adjacent to the Sierra Nevada Moun- 
tains, and the only element needed for a full-fledged 
storm is plenty of moisture. This is usually deficient 
because the air coming from the ocean is cold, and though 
loaded to its capacity with moisture can not easily again 
become saturated when mixed with warmer and drier 
air till cooled below the dew point by expansion at high 
elevations. 

As a rule eddies that form over the California and lower 
Colorado valleys do not produce rain until through con- 
vection they have accumulated sufficient moisture for this 
purpose. is they do to a greater extent after moving 
some distance to the north or east of the place where 
they are formed. 

he charts displayed and marked A, B, C, etc. (figs. 
1-2), illustrate the formation and movement of the 
eddies that apparently separate from the dome of rising 
air over the California and lower Colorado valleys as a 


low-pressure areas that have their genesis in this region , result of a spell of hot weather that began on July 3, 1920. 


sometimes move east and cause rains in the Middle West : 
and Eastern States, therefore they are of more than local 


importance in consequence of their far-reaching effects. 
9304—22——1 


Before Sgr ge this specific case, a few general re- 
on the subject wi 
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perhaps put the matter in a 
learer light. 
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It is my opinion that the summer movements of 
high-pressure and low-pressure areas in the western por- 
tion of the United States are controlled by the so-called 

rmanent high-pressure area over the North Pacific 

cean, which impinges at times on the North Pacific 
coast, and the dome of warm, ascending, turbulent air over 
the California and lower Colorado valleys. 

First, is a hot spell in California, and consequently 
warm, ascending air, that either drifts north, northeast, 
or eastward, but most often northward. When it drifts 
northward one or more secondary low-pressure areas 
form before its northward limits are reached, after which 
they move eastward to the upper Mississippi Valley, or 
to the Lake region, where they dissipate. During the 
time they are moving northward they nearly always are 
connected by a stream line, with the ori nal ldnquaiierd 
area over California and Arizona. The secondaries, 
which later form independent low-pressure areas, cause 
rain in their passage eastward, but more especially in 
the upper Mississippi Valley. After a secondary forms 
into an independent low-pressure area and moves east, a 

ortion of the North Pacific high-pressure area becomes 

etached from the original oceanic high-pressure area and 
follows it to the upper Mississippi Valley. The high- 
pressure area then moves southeastward and joins the 
Atlantic high-pressure area, or an extension of the same, 
overlying the South Atlantic States. As soon as a small 
high-pressure area breaks loose from the North Pacific 
oceanic high-pressure area and begins to move eastward, 
another low-pressure area separates from the dome of 
ascending air over California and Arizona and moves 
north, to repeat the process of moving east and causing 
rain in the northern States between the Rocky Moun- 
tains and the Lake region. 

Sometimes a low-pressure area thus separates from the 
Arizona dome of rising air and drifts eastward. In these 
cases the secondary, which usually forms over the Cen- 
tral Plains States, 
and lives long enough to pass down the St. Lawrence 
Valley. In doing so it gives abundant rain from the 
central Mississippi Valley to the Atlantic coast. Low- 
pressure areas that separate from the Arizona dome of 
rising air and move eastward are usually prevented from 
moving north by the presence at that time of a lar 
high-pressure area over the North Pacific States. The 
northward movement, I believe, is the favorite one for 
them to take, other things being equal. 

The a areas in moving eastward sometimes 
increase and sometimes decrease in energy, in accordance 
with the abundance or deficiency of their supply of heat 
and moisture. The high-pressure area may also increase 
or decrease in magnitude. 

Quite a number of low-pressure areas that separate from 
the dome of rising air over California and move north to 
British Columbia do so in connection with a low-pressure 
area formed over Alaska, which moves southeastward to 
British Columbia. In these cases the low-pressure area 
over British Columbia is reinforced by the California 
accession of warm air and a storm of considerable energy 
is generated which gives abundant rains from coast to 
coast. 

These storms are most frequent during the transition 
period between summer and winter and again between 
winter and summer, as at these seasons there is still suffi- 
cient energy in the Bering Sea center of action to send out 
offshoots. In midsummer the Bering Sea center of action 
is unimportant, and practically the only rains visiting the 
Pacific States at this season of the ear comes from eddies 


that arise from the dome of ascending air over California 
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and move northward. These eddies cause but little rain 
in the San Francisco forecast district, but they are 
attended by frequent thunder and lightning in the © 
mountains. The lightning from them causes many forest 
fires in the Pacific and Rocky Mountain States, some of 
which, on account of their inaccessibility, do a great deal 
of damage before being put out. 

On chart A are shown the isobars over the United 
States, western Canada, and Alaska on July 6, 1920, at 
8 p. m., 75th meridian time, except the observations at 
the Alaskan stations were taken at 8 p. m., 135th meridian 
time. For three days previously the temperature had 
been rising steadily in central California. On the 4th the 
increase amounted to 10°, on the 5th to 5°, and on the 
6th to about 5°, making altogether a rise of 20° for the 
three days. During this period and for some time pre- 
viously temperatures were above the 100° mark in the 
lower Colorado Valley. 

At the time represented by Chart A (fig. 1) there was 
a low-pressure area over the upper Lake region, which was 
connected by a trough with the low-pressure area over 
southwestern Arizona. It is difficult to identify on the 
charts the previous movement of the low-pressure area 
over the upper Lake region, but presumably it originated 
about July 1 over southwestern Arizona and southern 
California, where an eddy formed which moved north to 
Saskatchewan, which place was reached the morning of 
July 3. This Saskatchewan low-pressure area then moved 
southeastward to western South Dakota, where it greatly 
diminished in intensity; but, by the morning of the 5th, 
it was reinforced by the Arizona low-pressure area and 
36 hours later it was a full-fledged storm over the upper 
Lake region. It eventually moved down the St. Lawrence 
Valley and gave good rains in all of the northern States 
east of the Mississippi River. 

The features on this chart to which attention is called 
is the existing low pressure over southwestern Arizona 
and California, with its extension north to Washington 
and thence eastward to Calgary. This is the type that 
marks the beginning of the separation of an ods from 
the dome of the turbulent rising air over the heated 
valleys of California and the lower Colorado River. No 
material change took place in this distribution of pressure 
during the next three days, except that pressure over 
California northward gradually fell as the inhi-Gecotille 
area moved slowly southeastward and spread over a 
much larger territory. No rain up to this time had fallen 
anywhere in the San Francisco ferocabt district. 

he evening chart of July 9, 1920, is marked B, and 
it shows the formation of a secondary low-pressure area 
over Boise, Idaho, and an increase in the size of the high- 
pressure area over the Plains States. A thunderstorm 
occurred at Salt Lake City. Note also the position and 
size of the great high-pressure area off the Pacific coast 
and the further fact that there is no offshoot from the 
Bering Sea low-pressure area in evidence. 

No chart has been drawn to illustrate the conditions 
on the 10th, as no marked changes occurred. The 
barometric pressure decreased slightly over the Canadian 
Northwest, the high-pressure area moved farther east 
and a thunderstorm occurred at Helena. 

The chart for July 11 is marked C, and it shows the 
high-pressure area off the coast is undiminished, the 
tro to the northward is farther east than before, and 
relatively high pressure prevails over the Canadian 
Northwest. By this time rain is becoming more general 
and thunderstorms have occurred in the northern Rocky 


Mountains and also in northwestern Washington and at 
a few places in British Columbia. 


The movement of 
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the trough eastward caused a dnp of about 7° or 8° in 
temperature in the interior of California, while the Ari- 
zona temperature remained as high as ever. 

Chart D shows the conditions the next day, July 12, 
and here we have more rain in the North Pacific States 
and British Columbia, most of which is attended by 
thunderstorms. The high-pressure area off the Pacific 
coast has ahepeg lost energy, and the secondary over 
southern Idaho has reappeared. There is also evidence 
of a storm developing over the Bering Sea which may 
complicate matters should it move southeastward. 

On the 13th the conditions are shown on Chart E (fig. 
2) and here is seen a development of the high-pressure 
area which was faintly indicated on Chart C. e low- 
pressure area over Bering Sea is less pronounced and the 
consolidation of the southern Idaho low-pressure area 
with the original low-pressure area over Arizona has 
taken place. The rain has diminished and most of it 
fell locally along the North Pacific coast. 

The next day, July 14, is represented on Chart F, 
which is somewhat like Chart A; but with this difference, 
the barometer is lower in the north and rainfall, which 
was lacking on Chart A, is quite abundant along the 
North Pacifie coast. Thunderstorms have occurred at 
Yakima, Spokane, and Kalispell. Temperatures in the 
interior of California have risen about 8° in consequence 
of the rearrangement of pressure. 

The conditions on the 15th are shown on Chart G, and 
here is seen a secondary over Idaho, with relatively low 
pressure over the Canadian Northwest. The high- 
pressure area has moved east, and the high-pressure area 
over the ocean is about the same as it was for the last 
few days. So few reports from the ocean are available 
that this high-pressure area can not always be definitely 
located. The rains are light and sporadic. Thunder- 
storms occurred in the southern portion of California and 
also at Winnemucca and at Seattle. 

The final chart, marked H, shows a general unsettled 


condition over the Pacific States. Rain has fallen quite © 


enerally in Nevada, northern Washington, and western 
fronton: The eastern high-pressure area is disinte- 
grating, and the relatively low pressure of the day before 
over the Canadian Northwest has recovered somewhat. 
This low-pressure area two days later reached the upper 
Mississippi Valley, and still later passed down the St. 
Lawrence Valley. In doing so it caused showery con- 
gions in the Lake region and in the North Atlantic 

tates. 

Nothing would be accomplished by showing more 
charts, for they are continually aia themselves 
with slight variations all summer long. They give an 
excellent idea of the difficulties encountered in predicting 
rain during the summer months in the Pacific States. 
During the period from July 11 to 16, inclusive, rain fell 
in nearly all portions of the San Francisco forecast 
district, and it was evident that it would doso. However, 
to place this rain geographically for 12-hour intervals 
was an entirely different. matter, and the only thing 
possible was to make an indefinite forecast for places 
where it was thought the rain was mostly likely to occur. 

Reports from Mexico and a greater number of upper- 
air observations would undoubtedly be of help in obtain- 
ing more definite information regarding the mechanism 
of the offshoots from what I believe should be called 
the semipermanent Arizona low. The California part, 
which first attracted my attention, now seems to be an 
auxiliary that probably has something to do with direct- 
ing the movement of the stream lines, or eddies, north- 
ward. By taking the northward course they receive 
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additional heat as well as a greater supply of moisture 
than would be the case if they moved to the northeast 


.or to the east. 


DISCUSSION. 
By E. H. Bowie, 


With regard to the quotation from Griffith Taylor in 
the opening of Mr. Beals’s article, I would remark that 
my understanding of this matter is that it has been 

resented to us quite fully by the late Professor Ferrel in 

s discussion of the formation of cyclones; in the minds 
of some, however, convection does not account for the 
formation of cyclones but has to do with the origin of 
showers and thunderstorms as observed in the Tropics and 
other parts of the world. 

Doubtless many meteorologists will take exception to 
the view that in overheated, arid areas there is built up 
a column, or dome, of warm, ascending, turbulent air as 
suggested by Taylor. The English idea, if I may so call 
it, is to the effect that air rises in threadlike streams, not 
en mass’, and that between these threadlike streams there 
will be areas over which air is descendi Hence the 
sporadic character of thundershowers in regions of 
strong convection, such as the southeastern part of the 
United States. 

Certainly if heat alone would produce cyclones there 
should be a considerable number over the far Southwest 
during the summer, but such is not the case as may be 
easily seen by reference to MoNTHLY WEATHER Review 
SupPLEMENT No. 1, es of Storms of the United 
States, by Bowie and Weightman. This report shows 
that for the months of June to September, inclusive, in 21 
years but 30 cyclones moved out of the area under dis- 
cussion, or a little more than 2 per year. 


DISCUSSION. 
By W. J. Humpnreys. 


The description of the development of cyclonic storms 
in the region of southwestern Arizona is both interesting 
and useful. 

It may be remarked with reference to the trough of 
low pressure which appears to be largely induced by the 
high temperature of the Arizona and California valleys, 
that such trough, as indeed all troughs, is unstable and 
likely to break up into isolated lows or secondaries. This 
is especially true when the trough is well developed or 
flanked by a sp the west and another to the east 
with oppositely directed winds on its two sides. 

If there is no precipitation, such a low (secondary) 
probably will soon be dissipated. With precipitation it 
may persist for some time and over long distances. 


DISCUSSION. 
By A. J. Henry. 


Before entering upon a discussion of Mr. Beals’s paper 
it would be helpful to state briefly the several aspects of 
the paper upon which there is general accord. 

though the author does not specifically state the 
number of cyclones of the type described he has consid- 
ered, I think we can accept the count given in Supervising 
Forecaster Bowie’s statement, viz, about 2 per year (in 
summer). 


1 While this situation may and does arise in the cold season it would failin the warm 
months, since high-pressure areas at that time of seldom, if ever, extend as far south 
as the lower margin of the Great Basin in Ne —EDITOR. 
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The topographic control of the weather of the Great Valley 


of California.—Any discussion of the weather of Califor- 


nia without a full understanding of the topographic ° 


effect upon the weather would be useless and this is our 
excuse for describing what probably most readers are 
familiar with. The dominating topographic features of 
the State are the two mountain ranges, the Sierra Nevada 
on the east and the Coast Range on the west; between 
these two mountain systems lies the Great Valley of Cali- 


fornia broadly open from the Tehachapi on the south to 


Shasta on the north, a distance of about 400 miles. 
While the valley may be divided into three parts accord- 
ing to the drainage, yet for our purpose it may be consid- 
ered as a single geographic unit which, except for the 
Tehachapi, may be extended southeastward to, and 
merging into, the valley of the lower Colorado River. 
Between the Tehachapi and the Colorado is the almost 
rainless waste known as the Mohave and Colorado Deserts. 
In the northern half of this waste the surface relief is 
broken by volcanic hills and low ranges of mountains 
between which deep salt-covered valleys lie. The Great 
Valley is, of course, a highly populated region devoted 
to agriculture, whereas the region southeast of the 
Tehachapi is, in places, a typical desert waste. 

The Weather Bureau has maintained for years a station 
at Yuma, Ariz., in the lower Colorado River Valley. In 
drawing isobars and isotherms on the daily weather maps 
it is customary in summer to connect the lower Bobsketio 
Valley and the Great Valley of California by a system of 
continuous lines. These lines at times follow the con- 
tours of the valley and at other times, as may be seen 
from the figures submitted by Mr. Beals, they extend in 
a north-south direction over the southern part of the 
Great Basin. In the summer months, owing to the 
proximity of the Pacific on the west, both the temperature 
and pressure gradients between the hot dry interior and 
the cool, moist coast are very much exaggerated and are 
artificial in a sense rather than actual by reason of the 
contrast in the temperature before mentioned. Thus it 
happens that the barometric gradients of the weather 
map for California in the months June to September 
represent a more or less distorted pressure distribution due 
to the great temperature contrast within the short dis- 
tance which separates the coast line from the hot interior. 
{t can be easily shown that with initially low pressure in 
the Great Valley a very slight fall in pressure, such as is 
associated with cyclonic systems approaching the coast 
of Washington or Oregon will result in lower pressure in 
the valley than in adjacent regions both to the west and 
the east. It is aedlone difficult at times to distinguish 
between real and fictitious Lows (cyclonic systems). The 
wind circulation because of the sparseness of the stations 
is of very little aid in determining whether cyclonic cir- 
culation is present or absent. 

The thought which most impresses the writer is that 
only a beginning in this problem has been made. The 
study of the development of secondaries south of the 
primary cyclone is one of the major problems which 
confronts forecasters of the Bureau. 

At this point I wish to invite attention to some of the 
results of sounding-balloon observations made at Santa 
Catalina Island, off the California coast, by the Weather 
Bureau in 1913, summarized in this Review for July, 
1914, page 410. 

Some of the soundings were made on consecutive days 
and at practically the same hour of the day. The changes 


in temperature in steps of 1 kilometer have been ex- 
tracted from that summary and are presented in the 
table below. For comparison with these data I have 
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copied the daily weather maps for the dates on which 
consecutive soundings are available (not reproduced). 


TABLE 1.— Twenty-four hour changes in free-air temperature (°C.) 
sounding-balloon flights at Santa Catalina Island, Calif. 


Kilometers. 
Dates 
3 en 8 6 7 8 | 9 10 | li 
July 29-30.......... +9.2 | +8.8 410.0) +9.9 |4+10.6 |4+12.7 |+13.6 |413.2 | +120 
—5.7 | —5.2 | —5.3 | —7.8 |-10.8 |—12.7 |—11.8 |-12.0 | —10.1 
July 31-Aug.1 =1.9 | —2.2 | 41.8 | 43.1) +5.1/ 446/456) +49 
ag. 1-2. $1.4 | +2.7| $1.0 | +27] 43.1) +10) 41.5|-0.5| -24 
42.3 | +1.0) 40.1) —1.4) -2.6 | -2.6/ 403) 

Kilometers. 
12 13 14 15 16 7 | 3s 19 
July 29-30. 413.1} +85! 410.0} +9.9/ +89, +60 
July 31-Aug. 1..... +46) 46.9) 4+49/ 43.7] +26| 0.0) 
Aug. 2-3 +4.8 +5.1| —5.1| (?) (? 


The remarkable fact shown in Table 1 is the magnitude 
of the rise in temperature on the 30th as compared with 
the 29th in all levels up to 19 kilometers. The rise began 
at the surface and seemed to be at a maximum in the 
levels between 8 and 12 kilometers. The winds on the 
29th in the layers next to the surface were from the NW. 
The balloon was lost in the clouds at 1,012 meters eleva- 
tion; its general movement was toward the north. The 
flight on the following day started in a surface wind from 
the NE., but soon the winds shifted to SE. and S., being 
south at 1 kilometer S. 86° W. at 1,184 meters, then 
backing to S. 42° E. at 1,338 meters, it held for a short 
time in about that direction and was S. 18° E. at 4,362 
meters when the balloon was lost in the clouds. This 
balloon traveled toward the NNW. 140 kilometers from 
its starting point and yielded a fine temperature and 

ressure record. Winds from the SSE. on Santa Catalina 
sland must have traversed 60 to 70 miles of water 
surface before reaching the island. If projected still 
greater distance from the island they must have passed 
over land in southern California. 

On the 31st, the temperature fell rather sharply in 
practinty all levels. The wind on this date was S. 57° 
{. at 1,000 meters, S. 24° E. at 2,000 meters, and finally 
at 8,384 meters, where the balloon was lost in the clouds, 
the wind direction was S. 4° E., from which direction it 
should have come from a water surface. It is to be noted 
that with the shifting of the wind into a nearly true 
southerly direction the temperature fall increased, 
the prom fall being recorded at 8 kilometers. 

There does not seem to be any obvious relation between 
the direction of the free-air currents and the temperature 
changes; on the 29th, 30th, and 31st the former were from 
the south in the main yet the temperature changes on 
each date were decidedly different the one from the other. 
Many more flights will be necessary before tentative 
conclusions can be reached. 

The data of kite flights have shown rather conclusively 
that the temperature in the free air up to 4 kilometers, and 
perhaps higher, follows that of the surface with respect to 
the sense of the change from normal and also in a broader 
sense which may be stated as follows: Free-air tem- 
peratures, up to at least 4 kilometers, correspond to 
surface temperatures, the more so the less is the free air 
mixed by the local circulation of cyclones and anti- 
cyclones. 
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From these considerations the air over desert areas 
should be considered as warmer, level for level, than air 
over surrounding areas with a vegetative cover. It 
would seem that the free air over deserts receives a 
greater increment of heat in the daytime than it loses b 
radiation at night and that the excess, small though it 
may be, is cumulative, so that after a time we should 
wae that free-air currents from the lower Colorado 
Valley and the Gulf of California would be warm as com- 
pared with currents from the Pacific. 
reason of the lower specific gravity of the air in them can 
not flow to the westward. e most likely course of the 
air is therefore in the direction impelled by the pressure 
gradient. The latter generally indicates a movement 
toward the north. The sounding balloons liberated on 
the six successive days, July 29 to August 3, traveled in 
a northerly direction and the lowest temperature recorded 
during the flights was experienced on August 3—the last 
day of the six in which the free-air currents moved as 
above stated. When flights were resumed on August 5 
the free-air winds were from the SSW. and the minimum 
temperatures were distinctly higher than during the first- 
named period, although in some of the flights the balloon 
did not reach so great a height as in the first period. A 
better comparison, however, would be to use a definite 
level reached by all of the balloons furnishing useful 
records up to, say, 14 kilometers. Such a comparison 
shows that the temperature in southerly winds was on 
the average 2.7° lower than in westerly winds. The 
interpretation of this fact is left in some uncertainty, 
since the southerly winds of the group July 29 to August 
3 had more or less easterly components, which might 
mean that originally they were of continental origin. 

Comparison of the data of Table 1 with the weather 
maps for corresponding dates leads to some interesting 
suggestions. The distortion of the isobars in the summer 
months, before mentioned, makes it difficult to determine 
the probable direction of the free-air winds from surface 
isobars, but when the pressure distribution over the 
entire Rocky Mountain and Plateau region is considered 
there is better agreement between the pressure gradients 
and the direction of the free-air winds. 

Thus on July 28-29 the west-southwest winds above 
Santa Catalina Island were evidently due to a cyclonic 
disturbance that was moving eastward over southern 
Alberta. This disturbance deepened somewhat and 
moved east-northeast in the next 24 hours, so that by 


The former by 
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the morning of the 29th the whole of the northern Rocky 
Mountain ro and the upper Missouri Valley were 
under its influence. On this date an anticyclone began 
to pass from the ocean to the land over the States of 
Washington and Oregon. 

On the next day, July 30, this anticyclone had advanced 
inland as far as northwestern Wyoming and the barometer 
level at its center had risen to 30.20 inches. Coincidently 
with this movement the temperature in the free air, as 
shown in Table 1, rose decidedly; pressure in the free air 
also rose, but fell slightly at the surface and as a result 
the isobar inclosing the center of low pressure over Ari- 
zona is now projected northward to include the Great 
Valley of California. In other words, from surface indi- 
cations one would say that the Arizona and California 
lows have intensified and merged. But if we take the 
free-air observations under consideration as an index to 
what occurred over California and Arizona, it is at once 
seen that the surface indications are no sure guide to 
what has actually ha .. in the free air. 

On the next day, Ju y 31, the free-air temperature fell 
about as much as it had risen the day before. The anti- 
cyclone by this time had advanced to western Nebraska; 
its center now stretched to southeastern Idaho as an oval 
with central pressure of 30.30 inches, a rather unusual 
anticyclone for the month of July. 

With the entry of this anticyclone over the continent 
the free-air winds which previously had been southwest 
now became southerly and as the anticyclone advanced 
to the eastward the winds became SSE. 

It is rather significant that the lowest temperature 
reached in the whole series of sounding-balloon ascensions 
was on August 3 at a height of 17,428 meters, and that on 
the previous day an almost equally low temperaiure was 
reached at an elevation of 21,302 meters, thus re 
indicating a slight lowering of the current of cold equa- 
torial air. 

The important thought of the boon as I see it, is the 
necessity of a further study of the influence of summer 
North Pacific anticyclones upon the weather of the Rocky 
Mountain and Plateau region. It is already known that 
the movement eastward of these anticyclones gives the 
clue to shower forecasts for western and central Colorado, 
New Mexico, Arizona, and southern Utah.’ 


2 Weather Forecasting in the United States, p. 115. 


THE PRESSURE DISTRIBUTION AT VARIOUS LEVELS DURING THE PASSAGE OF A CYCLONE ACROSS THE PLATEAU 
REGION OF THE UNITED STATES. 


By C. LeRoy MEISINGER. 
(Weather Bureau, Washington, D. C., August 15, 1922.) 


INTRODUCTION. 


Barometric reductions in the Plateau.—It is important 
to ascertain what effects, if any, ® mountain range, or 
lofty plateau, exerts on the meteorological elements of a 
penne storm. The Plateau region of western United 

tates projects into the atmosphere to an average height 
of approximately a kilometer and a half above the level 
of ths sea over an area of more than 5,000,000 square 
kilometers. Situated, as it is, in a position of the great- 
est strategical importance, from the viewpoint of the fore- 
caster, it is essential that he understand very clearly the 
relations between the surface weather conditions and the 
pressure distribution. 


The problem is a complex of hypsometric effects, and 
meteorologists are thoroughly cognizant of the fact that 
reduction to sea level in the Plateau introduces much that 
is unreal in the horizontal barometric gradients. Owing 
to the hypothetical nature of the process, the allowance 
for fallacious effects is a difficult, if not impossible, task, 
and it is necessary, therefore, to be content with the 
knowledge of the presence and mode of origin of these 
false features. 

The differences, however, between the probable dis- 
tribution of pressure at sea level were the continent re- 
moved and the actual distribution at the average level 


of the Plateau where the weather occurs do admit of 
investigation. These differences arise not through faulty 
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reduction methods, but through inherent characteristics 


of the hypsometric relation. this way alone the pres- 
sure distribution, when reduced to a level from 1 to 2 
kilometers below the points of observation, may assume 
a quite different aspect from that at the average level of 
the observation points themselves. The magnitude of 
this difference varies with the intensity of the horizontal 
temperature gradients. 

Bigelow, in devising the system of barometric reduc- 
tions now employed in the United States, attempted to 
eliminate this hypsometric effect by assigning such values 
to the mean temperature of the reduction column as 
would reproduce on the sea-level map the actual distribu- 
tion of pressure at about 1 kilometer AAT 3,500 feet) .! 
In this he was doubtless partially successful. The weak- 
ness of his scheme is the assumption that a given surface 
temperature is geen associated with the same mean 
temperature of the fictitious air column, a view that is 
incompatible with the evidence obtained by means of 
kites. While we may grant the partial success of the 
attempt, the frequent want of pe pe of wind speed 
to indicated gradients affords abundant evidence that it 
is not always satisfactory. 

If, then, the ee map in this region represents 
neither the actual distribution of pressure at the aver- 
age elevation of the Plateau nor the distribution that 
would occur at sea level were the Plateau removed, we 
may justly ask why the attempt to reduce to that 
level is made at all. This reasoning only leads to the 
long-recognized truth that, having accurate knowledge 
of the vertical temperature gradients, we could un- 
doubtedly make a more satisfactory weather map by 
reducing pressure to some level near that of the station. 
If temperature arguments are somewhat speculative, 
there is the compensating fact that the distance through 
which the reduction must be effected is ety 
shortened and the resultant pressure error appreciably 
reduced. 

With the purpose of testing the practicability of 
making such reductions, and, more especially, of ascer- 
taining in what respects the distribution of barometric 
pressure differs from one level to another as one as- 
cends from sea level through the Plateau to the free 
air above, a specific case of the passage of a cyclone 
across this region has been tant and the correspond- 
ing pressure maps drawn for levels 1, 2, and 3 kilo- 
meters above sea level. 

_ The cyclone.—The storm in question was that which 
crossed the United States during the period February 
10-16, 1919. Upon the sea-level map, it appeared to 
enter the United States in the vicinity of Tatoosh 
Island, Wash., and proceed in a zigzag course across 
the Plateau in a southeasterly direction, constantly 
increasing in intensity, until, on the morning of Feb- 
ruary 13, it was centered at Kansas City, Mo., with the 
phenomenally low pressure of 978.7 mb, It had as- 
sumed an extraordinarily circular form and its diam- 
eter much exceeded the latitudinal extent of the United 
States. High winds prevailed in the Great Plains; dust 
storms and haze occurred far to the east. The progress 


1 Bigelow, Frank H.: Report on the barometry of the United States, Canada, and the 
West Indies, Report oft he Chief of the Weather Bureau, 1900-1901, Vol. Il, p. 774, 
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of this storm from the Great Plains eastward has already 
been discussed.? 

It is now proposed to pursue this storm across the 
mountainous Plateau. A similar attempt has recently 
been made by T. Kobayasi® in following a cyclone 
across the low mountains which parallel the east coast 
of the Korean Peninsula. But his mountain range does 
not attain the great heights of the Sierras or the Rockies, 
nor does he have a rugged plateau of vast extent. The 
presence of water areas within several hundred kilo- 
meters east and west of the peninsula would also un- 
doubtedly produce effects markedly different from those 
of the American Plateau. 

Upon the sea-level map, the successive 12-hour posi- 
tions of lowest pressure were as follows: 

February 10, 8 p. m., Tatoosh Island, Wash. 
February 11, 8 a. m., Winnemucca, Nev. 
February 11, 8 p. m., Yellowstone Park, Wyo. 
February 12, 8a. m., Denver and Pueblo, Colo. 
February 12, 8 p. m., Amarillo, Tex. 

February 13, 8 a. m., Kansas City, Mo. 


From its first appearance until after it passed out of 
Colorado there was an obvious connection with low pres- 
sure farther to the north, beyond the Canadian border. 
At Winnemucca appeared the first closed isobars, but the 
number of them increased until, as described above, the 
circular formation of vast extent overlay the Great 
Plains and the Mississippi Valley. The evident connec- 
tion with low pressure outside the field of the maps is 
significant. 


MAPS FOR THE UPPER LEVELS. 


Elevations in the Plateau.—While maps have been 
drawn for three upper levels, they can not, with the 
artial exception o that for 3 kilometers above sea level, 
»e regarded as free-air pressure maps. There is, to be 
sure, along the Pacific coast a long strip of land very 
much closer to sea level than to any of the upper levels. 
But the Sierras and the Plateau rise abruptly to the east, 
with the result that most of the stations lie above the 
1-kilometer level, and several lie above 2 kilometers. 
While there are no stations at present operating as high 
as 3 kilometers, it must not be forgotten that this level 
is penetrated by mountains at numerous places. In 
general, the 3-kilometer map represents conditions at the 
*pRFOXHD SA level of the highest points in the Plateau, 
while the 1 and 2 kilometer levels lie, over considerable 
areas, below the surface.t| These maps may be regarded, 
therefore, as attempts to show what the barometric dis- 
tribution would have been had the earth been sliced off 
smoothly at those levels. The following table of stations 
shows their altitudes and the vertical distances from their 
barometers to the respective levels. The negative sign 
indicates that the reduction level lies below the station. 


2 seisinger, C. LeRoy: The great cyclone of mid-February, 1919. Mo. WEATHER 
REv., October, 1920, 48:582-586. 

2 Kobayasi, T.: On a cyclone which crossed the Korean Peninsula and the variation 
Quar. Jour. Royal Met'l. Soc., April, 1922, pp. 169-184. Abstract in 
t EVIEW, p. 

4 While it is not practicable to reproduce a hypsometric map of this on, the inter- 
ested reader may find a sketch map in the May, 1920, REVIEW, p. 253, which will give an 
approximate idea of the areas above the several levels. 
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TaBLe 1.—Elevations of stations in western United States, and the 
length of reduction columns to the various levels. 


_ Elevation. 
Zs Zs 
Station meters. | meters. | meters. 
Feet. Meters. 
Tatoosh Island, Wash............. 86 26 974 1,974 2,974 
Spokane, Wash. ................-. 1,929 588 412 1,412 2, 412 
Seattle, 125 38 962} 1,992 2;,962 
North Head, 211 64 936 | 1,936 2; 936 
153 47 953 1, 953 2, 953 
Rowberg, 510 155 845 1, 845 2, 845 
CANE 62 19 981 1,981 2, 981 
Red Bluff, Calif.............2...-. 332 101 899 1, 899 2, 809 
Sacramento, Calif. ................ 69 21 979 1,979 2,979 
San Francisco, Calif............... 155 47 953 1, 958 2,953 
Preeng, Calif. 327 101 899 1,899 2, 299 
Los Angeles, Calif................. 338 103 897 1, 897 2, 897 
San Diego, 87 26 1,974 2) 974 
CE 1,108 338 662 1, 662 2, 662 
Flagstaff, 908 | 2,106] —1,106 106 804 
Tonopah, 6, 090 1, 856 —856 144 1,144 
Winnemucca, Nev. ............... 4,344 1,324 —324 676 1, 676 
Bolse, 2, 739 835 165 1, 165 2, 165 
Baker City, Oreg...............006 3, 471 1,058 —58 942 1,942 
Kalispell, Mont. 2,973 905 4 1,094 2,094 
4,110 1, 253 —253 747 1,747 
2, 505 74 238 1, 23% 2, 236 
Miles City, Mont.................. 2,371 723 277; 1,277 2 277 
Yellowstone Park, Wyo........... 6, 200 1, 890 —890 110 1,110 
3,790 1, 155 —155 1, 845 
Pocatello, 4477| 1.385 | —35 635 1,635 
Salt Lake City, Utah.............. 4,360 1,329 —329 671 1,471 
Modems. 5, 479 1,¢70 —670 330 1,330 
Grand Junetion, Colo. 1404) 59% 1) 596 
N. 7,013 2,138 | —1,138 —138 862 
Roswell, N. 3,556 1, 087 —87 913 1,913 
3, 702 1,147 —~147 853 1,853 
1,738 330 470 1, 470 2,470 
3, C74 1,120 —120 880 1, 880 
Oklahoma City, Okla. ............ 1,214 370 630 1,630}. 2,630 
Dodge City, Kans. ................ 2, 509 765 235 1,235 2,235 
4, 685 1, 428 —428 572 1, 572 
Denver, Col0...0svecser2ssssvecees 5, 292 1,613 —613 387 1,387 
North Platte, Nebr................ 2, 821 860 140} 1,140 2,140 
WY0.. O88 1, 855 —855 145 1,145 
Rapid City, 8. Dak..... PS een 3, 259 7 1, 007 2,007 


Temperature gradients in the Plateau.—There is very 
little information available concerning temperatures 
above the surface in the western region, and this greatly 
complicates any attempt to reduce pressure. Unfortu- 
nately, there are no kite stations west of the 100th 
meridian. Such sounding-balloon ascents as were made 
off the coast of southern California a few years ago were 
made in the summertime, and conclusions which one 
might draw concerning gradients within these lowest 
3 kilometers would not be applicable to February con- 
ditions. For some years records were kept on the 
summit of Pikes Peak, Colo. (4,301 meters) and these 
were subjected by Prof. A. J. Henry® to careful com- 
ey with synchronous records at Colorado Springs, 

olo. (1,858 meters); similar studies were made of data 
obtained at Corona, Colo. (3,554 meters), Leadville, 
Colo.(3,125 meters), and Denver, Colo. (1,613 meters). 
Valuable as these data are, it must be true, from what 
we know of kite data, that vertical gradients. of tem- 
perature based upon measurements at two points sepa- 
rated by considerable vertical distance, both of which 
are surface stations, can not properiy account for the 
sinuosities of the intervening lapse rate. Nevertheless, 
these mountain gradients afford the only thread of direct 
observation we have. 

There is the line of aerological stations, consisting of 
Ellendale, N. Dak., Drexel, Nebr., Broken Arrow, Okla., 
and Groesbeck, Tex., from which considerable informa- 
tion is to be obtained regarding vertical gradients, but 
these stations are at a much lower level, and their results 
must be applied to mountain stations with discrimination. 
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The values given by Professor Henry, expressed in 
degrees centigrade, per 100 meters, for the gradient at 
Colorado Springs, are as follows: 


105th Meridian time. 


The 5 o’clock values are applicable to the observations 
taken in 120th meridian time. 

For the kite stations, when the diurnal variation is 
not considered, the values are smaller than those given 
above, showing a tendency toward strong inversions in 
February at Ellendale, lesser inversions at Drexel, and 
small positive lapse rates at the two southern stations.° 
The kite records have the advantage of being integrated 
over small altitude divisions, whereas the mountain data 
are based on two points only. 

Therefore, in cases where the air columns were quite 
long, and the latitude southerly, it was believed that, 
for morning observations, a gradient of 0.5° C. per 100 
meters might reasonably be employed; that in middle 
latitudes 0.3° C. or 0.4° C. per 100 meters; and that in 
the north of the Plateau 0.2° C. per 100 meters. For 
short air columns a small positive or possibly a small 
negative lapse rate might account closely enough for 
the vertical temperature distribution. In the evening 
the lapse rate employed was, in all cases, higher. 

Temperature gradients on the Pacifie coast—On the 
Pacific coast (which offers a different problem from that 
of the Plateau) at the time of this cyclone the station on 
Mount Tamalpais, near San Francisco, was maintained. 
Its altitude was only 724 meters above sea level and it 
could serve only in the most general way as an index to 
the mean temperature over San Francisco up to 1 kilo- 
meter above the sea. The vertical gradient between 
San Francisco and Mount Tamalpais at the time of the 
observations in question was about 0.7° C. per 100 
meters, there being little difference between morning and 
evening observations. This indicated that along the 
Pacific coast a larger lapse rate should be used than that 
employed for interior stations. 

eliability of the maps.—These are the only bits of 
direct evidence one has for determining the probable 
mean temperature of the air column. Since they. are 
robably quite close approximations, and since the 
ength of the air column was, in most cases, very short, 
it is believed that the computed pressures are approxi- 
mately correct. This is especially true for the 1 and 2 
kilometer maps. Within air columns 1 kilometer in 
length, errors of 5° C. (certainly the error in this study 
is not of that magnitude) result in pressure errors of 
about 2 mb. Therefore, we may have considerable con- 
fidence in the results obtained, even though the maps 
must be regarded as only approximate. It may be added 
that Kobayasi ’ used the gradient of 6° C. per 1,000 meters 
throughout his study, and yet he placed considerable 
wee on the appearance of secondary depressions upon 
maps. 

Method of computing pressure for 3 kilometers above sea 
level—The pressures for 1 and 2 kilometers above sea 
level were calculated directly by means of the hypso- 
metric formula. The pressures for the 3-kilometer map 
were computed somewhat differently, and may be, as a 


5 Henry, A. J.: Variations of or and pressure at summit and base stations 
in the Rocky Mountain region. Bulletin of the Mount Weather Observatory, Vol. III, 
part 4, 1910, pp. 201-225. 


6 Gregg, W. R.: An aerological surv 
observations by means of kites. Mo. 
7 Loc. cit. 
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Fics. 1-3.—Barometric pressures and winds at various levels in the Plateau region, February 10, 1919, 8 p. m., and February 11, 1919, 8 a. m. and 8 p. m., 75th meridian time 
From bottom to top the levels represented are. successively, sea-level, 1, 2, and 3 kilometers. 
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Fies. 4-6.—Barometric pressure and winds at various levels in the Plateau region, February 12, 1919, 8 a.m. and 8p. m., and February 13, 1919, 8a. m., 75th meridian time. 
From bottom to top the levels represented are, successively, sea-level, 1, 2, and 3 kilometers. 
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consequence, less accurate than the other two maps. 
But it is thought that it is more accurate than a compu- 
tation based upon an assumed temperature for so long 
an air column. 

It was found that the difference between the average 
pressure at 1 kilometer and that at 2 kilometers above 
sea level in February is practically the same at each of 
the four kite stations mentioned above. Ina like manner, 
there is little difference among the several stations re- 
garding the difference of average pressure between 2 and 
3 kilometers above sea level. e may therefore form 
a proportion between the average pressure differences 
and the current pressure differences. Thus, 


D,-;/D.-.= d,-,/d,-5 
d,-; = 


and 


in which D,_, and D,_, are the differences between the 
average February pressures at the levels indicated by 
the subscripts; d,-, and d,_, are corresponding current 
differences at Plateau stations, the former being derived 
from calculation and the latter being unknown. Upon 
the basis of the kite data,* the ratio D,./D,.. was found 
to be 0.89, whence, 


d,-,=0.89 


It should be stated further that in cases in which 
observations were made at the four kite stations those 
observations have been plotted and used on the maps 
for the eastward extension of the isobars. 

Having plotted the various pressure values figures 1 
to 6 were obtained, which show for sea level and each of 
the three upper levels the pressure distribution for each 12 
hours between February 10, 8 p. m., and February 13, 
8 a.m., 75th meridian time. In these figures the lowest 
row of maps represents sea level conditions, the succes- 
sive rows above represent the pressure distribution at 
successive altitude intervals of one kilometer. 

The effect of diurnal temperature variation—A further 
word is necessary concerning the comparison of sea-level 
maps With those for the upper levels. In addition to the 
temperature argument already introduced into the tables 
by Bigelow, iba is the procedure of averaging the 
current and the preceding 12-hour surface temperature 
to be taken into account. This is regularly done at 
Weather Bureau stations, and it tends to smooth out and 
prevent strong diurnal changes in rie of pressure at 
the low level, the purpose being to make the morning and 
evening maps comparable. In drawing the upper charts 
this average temperature was not used, and for two rea- 
sons: (1) So far as possible, it was desired to show the pres- 
sure actually existing; and (2) it was found, upon exam- 
ining the diurnal changes of temperature during this 
period at numerous stations that the effect of this daily 


‘swing would hardly be perceptible upon the upper maps. 


Such a variation would tend to make the pressure lower 
at low levels with high temperature than with low tem- 
perature; at high levels the reverse would be true. The 
effect would be most marked, of course, in regions hav- 
ing a large diurnal variation. Whatever slight discrep- 
ancy in comparability there may be between sea level 
and the upper maps does not interfere to any significant 
extent with the horizontal gradients. 


® Aerological Survey of the United States, loc. cit. 
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THE CYCLONE AT UPPER LEVELS. 


The 3-kilometer maps.—With the general sketch of the 
sea-level performance of this cyclone as a background, 
let us first examine the 3-kilometer charts for the period. 
Upon these charts have been drawn the directions of 
upper clouds as reported telegraphically. These clouds 
probably lay far above the 3-kilometer level and their 
direction of movement presumably indicated the approxi- 
mate trend of the isobars at still higher levels. yin 
to the short time allotted the observer for the taking of 
his observation, the direction of upper clouds is not 
always perfectly reliable. With a few exceptions, how- 
ever, it will be seen that the reported direction of u per 
clouds either conforms to the isobaric trend at 3 kilo- 
meters or shows a trend somewhat more from the west. 

Beginning with the first of the series at 3 kilometers, 
the conventional conception of the free-air isobaric trend 
is well exemplified. There is high pressure over the 
Southern Plateau and low pressure to the north; the iso- 
bars are evenly spaced. From a point in the Northern 
Plateau there 1s lower pressure both to the east and the 
west. As we advance through the period, the evidences 
of low pressure at this ee level are all very closely 
related to the general low pressure in the north and the 
isobars in the main are open to the north. Toward the 
end of the period the low pressure in the free air pushes 
farther south over the Great Plains, but the isobars are 
oval in forin and tend to open to the north. 

High pressure in the south and low pressure in the 
north in the free air are the obvious consequences of 
high temperature in the south and low temperature in 
the north. This horizontal gradient of temperature is 
most accentuated in winter, but is by no means extreme 
in these maps. The decided southern looping of the 
isobars immediately after the Plateau is crossed suggests 
at once the connection between topography and the dis- 
tribution of pressure. 

The 1-kilometer and 2-kilometer maps.—-Upon the 2-kilo- 
meter map have been drawn arrows corresponding to the 
reported direction of lower clouds. In general, the agree- 
ment is good, but, though the accuracy of observation is 
greater, the topographic influence upon wind direction 
is more strongly operative, so that as one approaches the 
surface in this mountainous region more and more fre- 
quent will be the discrepancies between isobaric trend and 
recorded wind direction. 

The 2-kilometer and the 1-kilometer series act in prac- 
tically uniform manner as intermediaries between the 
distribution at 3 kilometers and at sea level. As one 
proceeds downward from 3 kilometers the pressure 
change for a given station from one day to the next 
becomes more and more intense, and in all cases there 
is a significant increase in the horizontal gradients just 
as soon as the formation gets across the Plateau. 

There is the outstanding feature, however, that the 
sea-level map does not coincide with the 1-kilometer map, 
showing that, at least in this case, Bigelow’s attempt was 
not perfectly successful and that the pressure at the gen- 
eral level at which the weather occurred was not characterized 


-by the steep gradients shown on the sea-level map. 


For example, winds at no time were excessively high on 
the Plateau, in spite of the indicated intensity of the 
gradients. The only high winds associated with the 
storm occurred as it passed into the Plains States, when 
the dust storms mentioned earlier occurred. At the 
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time of the last nee when the gradient was only slightly 
steeper at North Platte (about 1 kilometer) than at 
Cheyenne (about 2 kilometers) there was a difference of 
wind speed of about 10 meters per second, the North 
Platte wind being the higher. en the storm was ap- 

arently centered in Colorado, 24 hours earlier, neither 
Pueblo: Denver, Grand Junction, Salt Lake City, nor 
Cheyenne reported wind velocities in excess of 5.3 meters 
per second. The following brief table of pressure differ- 
ences between Denver and Salt Lake City on this date 
(morning of February 12) shows how the gradient de- 
creased with altitude: 


TABLE 2.—Difference in pressure between Denver and Salt Lake City at 
various levels, 8 a, m. (75th meridian time), February 12, 1919. 


Pressure 
Level. ; difference | db/dB. 
mb. 


The ratio db/dB is that between the pressure differ- 
ence at the level in question and at sea level; in other 
words, it is the percentage of sea-level difference observed 
at the upper levels. From this it is clear why the wind 
indicate be the sea-level gradients did not occur. 

The classification of the storm.—According to the classi- 
fication given in Weather Forecasting in the United States,’ 
this storm was of the North Pacific type, which reaches 
its maximum intensity in February, as a rule. The path 
taken on the sea-level map was not unusual, but, says 
the manual:'° 

By reason of topographic conditions, the movement of North Pacific 
Lows across the Plateau and Rocky Mountain region is often masked 


and difficult to follow; in some cases it is almost impossible to locate the 
true center of the disturbance on the synoptic charts. 


The synoptic charts mentioned are, of course, the sea- 
level charts. 

Allobaric charts and their significance.—Allobaric charts 
are always of interest, because of their value to the fore- 
caster in predicting the movement of pressure centers. 
A series of these maps has been drawn for sea level and 
also for 3 kilometers. These two levels will suffice, since 
changes at intermediate elevations were intermediate in 
magnitude. It will be seen that the pressure changes 
are, in general, in the same direction but of smaller mag- 
nitude at the upper level. The first sea-level map in 
Figure 7 shows two katallobaric centers of equal inten- 
sity, the one southeast, the other northeast, of Winne- 
mucca, the center of lowest sea-level pressure on the 
morning of February 11. Since the allobaric charts have 
their chief significance as indicators of the probable move- 
ment of the center of lowest pressure, there might be 
some doubt, leaving other factors out of consideration, 
as to whether the storm would continue to move toward 
the southeast (the direction of its motion during the pre- 
vious 12 hours) or whether it would move toward the 
northeast. 

As a matter of fact, the center did move to the north- 
east and appeared, on the sea-level map, near Yellow- 
stone Park. The 3-kilometer katallobars would have 
been equally deceiving, since at that level the pressure 
fell most markedly over the southern Plateau, an effect 
which may be attributed in small part to the diurnal fall 


§ Weather Bureau No. 583, Washington, 1916. 
1 Op. cit., p. 120. 
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of temperature. However, the distribution of pressure 
at 3 kilometers (fig. 3) would have settled the question 
beyond doubt, since the presence of the primary cyclone 
in the north is definitely shown. 

Figure 8 shows the distribution in time of pressure 
change at sea-level and at 3 kilometers at Santa Fe, 
N. Mex. 

Precipitation.—The precipitation over the Plateau was 
principally in the form of rain, although snow fell during 
the latter part of the period in the Rocky Mountains. 
The rains, which occurred generally along the Pacific 
coast and some distance inland, can be shown by the 
upper maps to follow quite directly from the importa- 
tion of moist air from the Pacific as a result of the circu- 
lation about the cyclone in the north. 

Temperature.—The distribution of temperature is of 
fundamental importance, especially when one considers 
the increase in intensity of the depression after it entered 
the Plains States. While the storm was on the Plateau 
there was no a gree marked latitudinal gradient 
of temperature. the storm approached the Plains, 
however, and the southerly winds began to draw upon 
that great reservoir of warm, moist, air over the Gulf, 
the rapid northward migration of the surface isotherms 


began. Within the period represented by the last- 


three maps, the temperature difference between the 
northern and southern borders of the United States along 
the 95th meridian increased from about 11° C. to 28° C., 
and the isotherm of 10° C. was shifted markedly north- 
ward in the Mississippi Valley. Similarly, in the rear 
of the storm, low temperatures were induced in the north- 
ern Plains. The result was to accentuate the thermal 
contrast between the front and rear of the storm. This 
would emphasize the southwest winds at upper levels 
and thus cause—if we may have confidence in the pre- 
cept that cyclones move in general with the upper dritt— 
an accelerated movement of the cyclone toward the 
northeast. This suggestion is rendered plausible by the 
fact that 48 hours after the storm was centered at Kansas 
City the center of lowest pressure was passing off the 
coast of New England. 

This thermal contrast would likewise have the effect 
of opening the free-air isobars to the north and causin 
the axis of the cyclone to incline toward the region o 
lowest temperature. From this point of view, the center 
in the free air probably traced a track somewhat parallel 
to that at sea level but approximately along the northern 
border of the United States. All svhilable upper-air 
soundings in central and eastern United States support 
these conclusions." 


HYPSOMETRIC EFFECTS IN THE PLATEAU. 


What does the sea-level map in the Plateau represent ?— 
In the beginning, it was remarked that since we can not 
precisely evaluate the error in Plateau reductions which 
arises through an erroneous temperature argument, it 
is convenient, so far as this study is concerned, to con- 
sider the sea-level map as a correct representation of 
what might be found there were the continent removed. 
This is not what Bigelow intended, but we know from 
the difference between the sea-level and 1-kilometer 
charts that what he intended was not, in this case, 
achieved. We may conclude that the sea-level map is 
a smoothed or softened representation of the distribu- 
tion at sea level were the continent removed. In other 
words, a true sea-level map would probably show even 


 Meisinger, C. LeRoy: loc. cit. 
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steeper horizontal gradients than the present one, 
reduction errors neglected. 

The hypsometric formula~—To make this thought 
clearer, let us recall certain consequences of the hypso- 
metric relation which must make their effect apparent 
at different levels. In exponential form, this relation is 


B=be 


in which B is the prance at a lower level, b the pressure 
at an upper level, K the barometric constant, 7991, Z 
the length of the reduction column, a the coefficient of 
gas expansion and @ the virtual mean temperature of the 
air column. If this equation is differentiated, we have, 


dB = db 


From this it is apparent that, for a given gradient of 
pressure at an upper level, the gradient at a lower level 
will be somewhat greater, depending upon the distance 
between the two levels and the temperature. Spe- 
cifically, if db is 10 mb., Z, 3,000 meters, and @, 0° C., 
we find that dB is 14.5 mb. 


5 


S 


Sea-level pressure mb) 


Fia. 8.—Pressure changes at sea level gO kilometers above sea level at Santa Fe, 
. Mex. 


This assumes no difference in the mean temperature of 
the aircolumn. But if there is a difference of 5° C.,—and 
since higher temperature is usually associated with fall- 
ing pressure—we assume the higher temperature at the 
station of lower pressure, and find that d¢B is increased 
to 22.1 mb., over twice the gradient at the upper level. 
Exner has shown how pressure differences at the sur- 
face are a complex of pressure and temperature effects 
as shown by sounding-balloon data and by partial 
differentials of free-air pressure and mean temperature 
of the air column. 

The essential point is that gradients of considerable 
magnitude may appear at sea level corresponding to 
lesser gradients at the Plateau level. But there is no 
atmospheric circulation to correspond to the sea-level 
gradients because there is no atmosphere at that level. 

Since we may consider the barometric depression as 
superposed upon the northward-sloping, temperature- 
induced, isobaric surfaces, it is apparent that the center 
of lowest pressure will be shifted northward at each 


Exner, F mische Meteorologie. Berlin, 1917, pp. 233-238. Cf. also dis- 


M.: D 
cussion in Ibid.-: Uber’ Luftdruckachwankungen in der Hohe und am Erdboden, Meteoro- 
logische Zeitschrift, September, 1913, pp. 429-436; also November, 1913, pp. 563-564. 
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succeeding upper level. The maps here presented con- 
firm this reasoning, and we find upon the sea-level map 
a system of stronger gradients with closed isobars 
lying south of the center of lowest pressure at upper 
levels. 


PLAINS AND PLATEAU EFFECTS COMPARED. 


What happens when the storm passes off the Plateau 
into the Great Plains? We have already noted the 


general increase in activity and intensity in the latter 


part of the period and there are several effects to be 
taken into consideration in this regard. Supposing, 
first of all, that there were no increase in the intensity 
of the storm; what differences might arise between 
Plateau weather and Plains weather ? 

(1) As the storm moves eastward, the more active 
gradients at lower levels become real. There results a 
natural increase in the speed of the winds, and the circu- 
lation at the surface corresponds more closely to that 
indicated by the sea-level map. 

(2) Surface friction over the level plains is much 
smaller than that over the rugged mountains, hence 
higher wind velocities are to be expected. There is the 
effect. of greater density at lower levels than at the 
Plateau level which would tend to counteract this 
increase to a certain extent. 

(3) With warm, moist air to draw upon in its south- 
eastern quadrant, the thermal contrast between front 
and rear of the cyclone would be increased. This 
would cause a shift of the center of low pressure in the 
free air to the region of lowest temperature, and induce 
a general lowering in elevation of the southwesterly air 
stream aloft. Warm, moist air would thus overrun the 
sea-level center of lowest pressure. 

_Increase in intensity.—Not only did the storm show 
all the effects mentioned above, but it showed a marked 
increase in intensity which reached a climax at Kansas 
City and then gradually decreased with further east- 
ward movement. This increase in intensity may be 
the result of the following effects: 

(1) It was suggested that reduced sea-level gradients 
in the Plateau were not as strong as they might have 
been had Bigelow not attempted to make sea level show 
surface conditions. In the Plains. States the stations 
are close enough to sea level that no great errors result 
in reduction thereto. Hence a given gradient in the 
free air should correspond to a steeper gradient in the 
Plains States than in the Plateau. This may account 
in part for the apparent increase in intensity after leaving 
the Plateau. 

(2) Considered statically, the increase in temperature 
above the sea-level center of the storm combined with 
the lesser density of the moist air and reinforced, per- 
haps, by the retarded lapse rate of temperature (for pre- 
cipitation was general by the morning of the 13th over 
the Southern States and central valleys) would operate 
to lower the sea-level pressure. The warm and cold 
fronts were, at this time, well developed, and this im- 
plies an upward er na in the motion of the southerly 
air, both because of the forced convection of warm air 
overriding the cold air north of the warm front, and also 
Lome of convergence within the southerly stream 
itself. 

(3) Whatever the nature of the dynamic effects which 
may have operated to increase the storm’s intensity as it 
proceeded from the Plateau to the Plains, it appears 
that the interaction of the southwestward-moving cold- 
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air stream to the north and the northeastward-moving 
warm stream to the south of the center was an important 
factor. J. ae and H. Solberg** have recently 
emphasized this point. On page 15 of the work cited 
they say: 

At the limit between a polar current and a tropical current to the east 
of it the two currents are deflected from each other, so that an air 
deficit results above the region of their mutual limit. The low-pressure 
system, formed in that way, corresponds to a cyclone family. 


And, again, on the following page: 


As soon as an easterly polar current and a westerly tropical current 
become too strong a cyclone forms between them and makes the cur- 
rents encroach upon each other, diminishing their differences of 
velocity. 


CONCLUSION. 


It seems reasonable to conclude, therefore, that maps 
representative of conditions at and above the average 
level of stations in the Plateau would be of assistance to 
the forecaster in distinguishing between those baro- 
metric gradients on the sea-level map which are real and 
those which are either erroneous or follow as a conse- 
quence of the hypsometric relation. Further, the change 
in the character of the weather after the storm passed 
from the Plateau to the Great Plains is plainly due to 
(1) the effect of stronger gradients near sea level becom- 
ing real through having an actual atmosphere in which 
to exist; (2) the sea-level gradients becoming stronger 
upon leaving the mountain district because of moderat- 
ing effects in the reduction method; and (3) actual in- 
crease in intensity of the storm. 


A CYCLONE WHICH CROSSED THE KOREAN PENINSULA 
By T. Kopayast. 
{Abstracted from Quar. Jour. Roy. Met’l Soc., April, 1922, pp. 169-184.] 


With the twofold object of studying the phenomena 
induced by the passage of a cyclone directly across a 
mountain range, and of noting the behavior of the polar 
front in the Far East, the author makes a series of maps 
representing pressure distribution at sea level, at intervals 
of four hours between 10 a. m. March 24, and 2 a. m. 
March 26, 1918. Upon the assumption of a lapse rate of 
6° C. per 1,000 meters for all stations, pressure maps at 3 
kilometers above sea level are drawn to correspond to 
6 of the sea-level maps. 

At the time when the cyclone was 500 kilometers west of 
the Korean Peninsula, which “projects from the south- 
east coast of the Asiatic Continent in the direction of 
south-southeast, the width being from 200 to 300 kilo- 
meters, the length about 600 kilometers,’ and which 
contains a mountain range from 500 to 1,000 meters in 
height along its eastern coast, a secondary cyclone was 
induced on the eastern side of the peninsula, but it dis- 


18 Bjerknes, J., and Solberg, H.: Life le of cyclones and the polar front theory of 
atmospheric circulation. Geofysiske 


ioner, Vol. IfI, No.1. Christiania, 1922. 
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appeared within four hours. But by the time the cyclone 
had advanced 100 kilometers, a second secondary, with 
a well-developed polar front, had appeared. The for- 
mation of these secondaries, according to the author, is 
due to the strong wind of the primary storm being 
obstructed by the mountains." 

The free-air maps show that these secondaries did not 
extend much above 3 kilometers and their axes are so 
inclined as to ‘wind themselves around the main 
cyclone.” 

A third secondary, associated with a sharp bend in the 
steering line, formed to the northeast of the main center. 
The free-air maps show the centers of the primary and 
the last two secondaries drawing gradually together, as if 
they were joined together at some higher level. The 
eastern secondary continually increased in intensity, 
while the primary diminished; the northern secondary 
finally joined with the eastern center, and finally the 
western center disappeared entirely. Thus, the cyclone 
crossed the peninsula. 

Considering the cyclone from the Bjerknesian point of 
view, the behavior of the storm was quite normal, except 
as it was influenced by topography. Dr. S. Fujiwhara’s 
new theory of the mechanism of extratropical cyclones (as 
yet unpublished) requires the presence o/ a horizontal vor- 
tex the ‘cold front” having a counterclockwise 
sense of rotation facing the center, and of a similar vortex 
roll on the “warm front” of opposite sense of rotation, 
‘‘and this vorticity makes the principal source of energy 
for the cyclone.’”’ The intersection of these warm and 
cold fronts with mountain ranges, induces secondaries, 
and produces anomalous wind directions. The phenom- 
ena shown in the Korean cyclone seem to confirm Doctor 
Fujiwhara’s theory. 

The following is the author’s summary of the causes of 
secondaries: 

(1) When a strong wind was obstructed by mountains, a secondary 
was induced kinematically in the shadow. (This kind of secondary © 
vanishes soon if it does not connect with the polar front.) (2) When 
the steering line was cut by a mountain range, a secondary was induced 
on the eastern side of the range. (3) When the steering line curved 
sharply. (4) When the real polar air came after the cyclone had 
passed away, a secondary was produced in the cold sector, prolonging 
the steering line of the main cyclone to the west of its center. (5) 
Along the squall line when the fault of the isobars became very large. 


The paper is concluded by miscellaneous remarks con- 
cerning the storm: the inclination of the axis of the 
cyclone is less over the sea than over the land. In the 
latter case, the lower part of the cyclone is nearer the 
sea than the upper portion.?. This cyclone acts in 
accordance with Prof. T. Terada’s conclusions from a 
statistical study of cyclones in the Far East, namely, 
that cyclones tend to pass over land in summer and tend 
to avoid land in winter.—C. L. M. 


2 Cf. Brooks, C. F.: On the origin of some secondary cyclones on the Middle Atlantic 
Coast. Mo. WEATHER REV., my 1921, 49: 12-13. 

2 Preliminary studies of cyclones in the eastern United States show this same wr oe A 
which is explained by strong contrasts of temperature between the southeast and north- 
west quadrants of the storm. In summer, the axis is more nearly vertical as was found 
to be the case over the sea, in Doctor Kobayasi’s cyclone, probably due to the less-marked 
horizontal temperature contrast in the lowest 3 kilometers.—C. L. M. 
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AN EIGHT=YEAR CYCLE IN RAINFALL. 


By Henry Moore. 


(Columbia University, August 4, 1922.] 


The table on Rainfall departures, United States (as a unit) 
that appeared in an article by Prof. A. J. Henry in the 
March number of this Review ' supplies invaluable data 
for the theory of rainfall cycles. se Table 1 Professor 
Henry’s figures relating to the smoothed rainfall depar- 
tures are tabulated. The method of smoothing the data 
that was followed by Professor Henry is given by “the 
formula b =}(a+2b+c) where b is the middle year in any 
consecutive series of three years.” 


TABLE 1.—Ratnfall departures, United States (as a unit). 


Smoothed Smoothed 
Years. departures. Years. departures. 
« 


In Figure 1 the smoothed departures are plotted 
together with a graph of an eight-year cycle that was 
derived from the smoothed departures by the Method of 
Least Squares. The substantial agreement of the com- 
puted cycles with Professor Henry’s smoothed depar- 
tures saute aux yeur. 

According to the equation of the computed cycles the 
theoretical maxima occurred at about 1882, 1890, 1898, 
1906, 1914, and I was about to add 1922, so nearly certain 
does it seem that the present year will be characterized 
by an unusually large rainfall. In other places ? I have 
shown that eight-year cycles with approximately these 


2 Particularly ‘“‘The Or of t tight-Yea 1 Genera yele.’’ Quarterly Journal 
of Economics, November, 1921. ’ 


Departures in inches 
roy 


same dates for maxima occur in the rainfall of the Ohio 
Valley, the rainfall of Illinois, the May and June rainfall 
of the Dakotas, the barometric pressure in the United 
States, the winter barometric pressure in Central Europe, 
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Fic. 1.—Smoothed departures of rainfall in the United States (as a unit). Equation to 
the eight-year cycle: y= —1.95+0.90 sin (45°¢+45°37’), origin at 1881. 


the yield of crops in the United States, the yield of crops 
in the United Kingdom, the yield of crops in France, and 
the index number of general wholesale prices thronghout 
a century. 


BROOKS AND GLASSPGOLE ON THE DROUGHT OF 1921.! 
By A. J. Henry. 


The first section of this paper is devoted to a discussion 
of the 1921 and other dry periods in the British Isles. 
The second section takes up the causes of droughts and 
it is with this section that readers of the Review will be 
particularly interested. 

It is recognized that the establishment and mainte- 
nance of local anticyclonic conditions is closely associated 
with dry weather; the immediate concern, therefore, is to 
discover, if practicable, how the local abnormalities of 
pressure distribution are related to others in the general 
circulation in different parts of the world. 

Charts were constructed showing the deviation of 
pressure from the normal over a considerable portion of 
the Northern Hemisphere for the 1921 and other severe 
droughts. The periods are as follows: 

to August, 1864. 
ay to July, 1868. 


9304—22——-2 


October to January, 1880. 

February to October, 1887. 

March to June, 1893. 

February to June 1895. 

January to May, 1896. 

July to October, 1911. 

February to October, 1921. 
The pressure distribution for the above periods fell 
clearly into two types which were designated the A and 
the B types. The A type, however, comprised but two 
droughts—Febru to June, 1895, and August to 
October, 1911. is type is characterized by high 
ressure to the north of the British Isles. The Ice- 
andic minimum is shifted toward West Greenland and 
the Azores maximum is feebly developed. In this case 


wend P. Brooks and J. Glasspoole: The Drought of 1921, Quart. Jour. XL VII, p. 
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the drought is said to be due to dry winds rather than to 
anticyclonic conditions. Depressions were few and 
either passed to the south across the Bay of Biscay or 
descended from the Arctic Ocean southward or south- 
eastward across Scandinavia. 

Type B, which includes the remainder of the examples, 
is characterized by a region of maximum positive pres- 
sure abnormality centered directly over the British Isles 
amounting to 4 mb. (0.12 inch) at the central portion. 

Combining all of the cases except 1895 and 1911 into 
a single chart the result is shown in a chart of mean 
pressure deviation as in Figure 1. 

This chart shows that the pressure abnormality de- 
creases from a maximum over the British Isles both to 
the north and to the south. Pressure is below the nor- 
mal over the Arctic Ocean and at the Azores. In terms 
of the so-called centers of action it may be said the 
Azores Maximum is shifted to the northeast and con- 
currently the Icelandic minimum is also shifted to the 
northeast. These two movements are closely related. 
Exner has found definite negative correlations between 
polar pressures and corresponding pressures over western 
and southern Europe. 
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Fic. 1.—Chart of pressure deviation; mean of seven droughts. 


It is evident, therefore, that high pressure in the Tem- 
perate Zone is closely associated with low pressure near 
the poles, at least in winter. In order to examine the 
question more closely, the authors next correlated the 

ressure at Valencia with corresponding pressures at 

tykkisholm, Berlin, Ponta Delgada, and eke with the 
result that Vardo is definitely opposed to Valencia in all 
seasons except summer, when it apparently lies between 
the European and the Arctic régimes. In this season the 
Arctic center lies farther north, for, taking the 12 years 
which are unfortunately all that are available for Spits- 

bergen the authors get a correlation with Valencia of 
' —0.78 in summer. Further, when they calculate from 
the above coefficients and the standard deviations the 
difference from normal corresponding to 4 mb. at Va- 
lencia they find good agreement with the results shown 
in Figure 1. This indicates that drought conditions are 


not isolated phenomena but are merely the extreme cases 
in one direction of the usual variations to which the pres- 
sure distribution, and therefore the atmospheric cir- 
culation, is liable. 

The cause of drought in the British Isles must, there- 
fore, be looked for in some variation in the strength of the 
atmospheric circulation. 


As between the polar regions 


Jury, 1922 


and the Tropics the former is the better of the two as an 
indicator of a change in the temperature gradient and 
naturally a corresponding change in the strength of the 
circulation. 

The authors show that low pressure in the polar re- 
gions is associated with droughts of Type Low 
pressure in those regions is associated with great stormi- 
ness and high temperature. The dearth of meteorological 
stations in the Arctic makes it impossible to confirm this 
statement by the usual statistical methods; the belief is 
expressed, however, that warm weather in the Arctic 
Ocean is associated with, and perhaps causes, a more 
northerly position of the subtropical anticyclones and, 
consequently, high pressure over the British Isles. 

The relation of droughts to the sunspot cycle, variation 
in the amount and position of Arctic ice, and the periodic 
movement of the Icelandic minimum are next discussed 
in separate paragraphs. 

With reference to the sunspot relation it is pointed out 
that according to Fisher ? a few years (1 to 44) after sun- 
spot maximum the Azores anticyclone tends to extend 
northward over Spain and the Bay of Biscay or even 
over the British Isles. 

Droughts are accordingly most frequent at this stage 
of the cycle (4 years after spot maximum). The data 
of droughts are, however, so spread over the cycle that 
the result is not of great value. 

A movement of the Icelandic minimum having a period 
of 8 months, and another having a period of 4.8 years, is 
distinguished. Accounts as to the interaction of the 
icelandic minimum and the surface temperature of the 
North Atlantic are due to several investigators. W. 
Meinardus and J. Petersen are quoted specifically. 
According to them, when the a oe minimum lies to 
the westward of its normal position, say over West 
Greenland, the southwest winds between Iceland and 
northwest Europe will be unusually strong and steady. 
These warm winds will raise the temperature of the sur- 
face waters both by their own high temperature and by 
strengthening the Gulf Drift. This warm water after a 
time draws the Icelandic minimum eastward and also 
causes it to become more intense, which still further in- 
creases the temperature and velocity of the Gulf Drift. 
But it also increases the cold currents, especially the 
Labrador Current, and cools the Gulf Drift and, after the 
necessary time, this cools the northern seas and induces 
a fall of temperature over the Northeastern Atlantic, so 
that pressure rises again there and the Icelandic mini- 
mum retreats westward becoming less intense at the 
same time. 

This hypothesis was tested by the Reseau Mondial 
charts of pressure deviation for the years 1910-1915 and 
was found to represent the facts shown there very 
accurately. 

The short period movements of the Icelandic minimum 
from 1910 to 1915 are shown in the statement below: 


MINIMUM TO WESTWARD. MINIMUM TO EASTWARD. 

| January to July, 1910. 

| November to December, 1910. 
June, 1911. 

' December, 1911, to March, 1912. 

, June to September, 1912. 

| December, 1912, to January, 1913. 

| March to May, 1913. 

| October, 1913, to June, 1914. 

| December, 1914 to April, 1915. 


| November to December, 1915. 


August to October, 1910. 
January to May, 1911. 

July to November, 1911. 
April to May, 1912. 
October to November, 1912. 
February, 1913. 

June to September, 1913. 
July to November, 1914. 
October, 1915. 


2 Das Wetter, 1916, p. 232. 
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Examination of the Reseau Mondial charts suggests 
that there is also a northeast-southwest oscillation of the 
Icelandic minimum ranging from Spitsbergen or northern 
Russia to Newfoundland, which takes place much more 
slowly. Since the greatest droughts occur when this 
minimum is not to the west over Greenland but unusu- 
ally far north toward Spitzbergen, this longer oscillation 
is discussed at some length. There is strong reason the 
authors assert for supposing that this northeast-south- 
west oscillation of the Icelandic minimum is connected 
with the ice conditions in the Arctic waters, for droughts 
of Type B in the British Isles are followed by years with 
Ma ice near Iceland. 

The sequence of events leading up to a drought in the 
British Isles with low pressure in the neighborhood of 
Spitzbergen is about as follows: In the Arctic Ocean the 
temperature is abnormally high and the weather is 
stormy. ee the polar ice is broken up and 
much floe and field ice drifts into the East Greenland 
current. Owing to the prevalence of strong westerly 
winds this ice is spread out to the eastward of its normal 
limits and some of it collects around the shores of Iceland. 
Between Spitzbergen and Iceland the average velocity 
of the ice is about 7 miles a day, so that it would take 
some 200 days, or nearly 7 months, on the journey, and 
the ice broken up in summer would appear off Iceland 
early in the following year. The Arctic ice eo 

asses Cape Farewell in January or February. It fol- 
far the southerly current u the west coast of Green- 
land nearly as far as Disko Island, 70° north. Here it 
is driven westward by the easterly winds of spring, after 
which it again drifts southward along the western side 
of Baffin Bay and Davis Strait into the Labrador Cur- 
rent, which carries it past Newfoundland into the Gulf 
Drift. 

As the floating ice melts it must cause an appreciable 
cooling and this cooling is propagated to the northeast- 
ward with the velocity of the current and it finally 
reaches the Northeastern Atlantic. The deficit in tem- 

erature of the Gulf Drift is followed by a cold season 
in the Arctic Ocean with high pressure and an absence 
of storminess. Hence there 1s little loose ice to be swept 
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into the East Greenland current and the whole sequence 
begins again, but with the values reversed. 

he total length of this path of circulation is about 
7,000 miles and the average velocity of the current is 
about 8 miles a day. This gives a period of 2.4 years 
for a change from warm to cold conditions in the Arctic, 
or 4.8 years for the complete cycle, which exactly coin- 
cide with the periodicity of ice conditions off Iceland as 
demonstrated by Meinardus.’ 

In regard to forecasting droughts the authors say: 


If pressure becomes persistently low over the Arctic regions, espe- 
cially at Spitzbergen, the possibility of an approaching drought must 
be considered. If pressure is also low over the Tropics the chances 
are somewhat greater, especially if the position in the 11-year solar 
cycle is favorable and 4 years have elapsed since the last drought. If 
under these conditions pressure becomes high over the Urals or north- 
ern Russia, it appears highly probable that a drought will set in within 
the next few months. Unfoctunatety the last source of information is 
still closed to us. 


The conclusions reached in this paper require to be verified and 
extended by a similar study of exceptionally rainy periods. 


DISCUSSION. 


In the discussion that followed, Dr. G. C. Simpson 
made the interesting suggestion that an increase in the 
velocity of the whirl about the poles would result in a 
fall in pressure in the center and a rise on the margins. 
Thus, when the vortex in the atmosphere in the northern 
regions becomes intensified, the pressure in the polar 
regions is decreased while that in the surrounding belt 
is increased. This causes the Azores high pressure to 
move farther north and the movement of this high pres- 
— alters the whole of the climatic conditions of Eng- 
and. 

Doctor Simpson also remarked that the place to look 
for forecasts and the mechanism of the whole thing was 
in the upper atmosphere where the whirl is to be found. 
He also remarked that probably it would be found that 
the pressure changes are not localized in that part of 
ad world in which the rainfall shows the greatest abnor- 
malities. 


3 Ann. Hydrogr. Berlin, 34, 1906, pp. 148, 227, 278. 


BRIEF DESCRIPTION OF A NEW DIAL FOR THE ANEROID. 


By Jos& Cantos Minds, Director. 


[Observatorio Nacional, Habana, Cuba, June 20, 1922.] 


Facing always the difficulties of obtaining good obser- 
vations from untrained observers, the idea of changing 
the usual dial of the aneroid barometer for a simpler one, 
such as could be read without trouble and without train- 
ing, presented itself as a solution to the problem constantly 
encountered by the Observatorio Nacional of Cuba. 

When a meteorological service has to depend on obser- 
vations made by nontechnical observers, the greatest 
pains should be taken to insure accuracy with the least 
possible labor to the observer. Our experience of many 
years in receiving daily telegrams from such a class of 
observers compelled us to use the aneroid with the new 
dial. 

The instrument for this purpose should be a good 
aneroid, with as large a dial as possible. All division 
lines are absent. Instead, a system of short words is 
inserted, say for every millimeter of gros In our 
instruments the circle described by the index hand is 
about 5 inches in diameter. The words were not. well 

laced by the printer, as those dials were printed on 
bristol board; hirefore we had to determine the exact 
value of the space from word to word. (See fig. 1.) 


These short words are so chosen that no confusion 
whatever is possible in the telegraphic transmission of the 
message. e observer sends the word nearest to the 
index or, if it falls between two words, both are sent at 
the same time as one word. In this manner, the instru- 
ment reads to half a millimeter (0.02 inch). Before 
reading, the observer should tap the instrument lightly. 
In our dials we place a sign that says: Golpear el cristal 
antes de leer; the observer on facing the instrument reads 
that the glass should be tapped lightly before reading, a 
most necessary operation with this class of instruments. 
This is the only weak point of the barometer, as the 
observer may forget to tap it lightly before reading. To 
avoid this, the instrument could be placed in a case with 
a small door, and a mechanism attached to it so that the 
instrument would be tapped mechanically by the opening 
of the door. Then the only thing the observer would have 
to do would be to read the word or words. 

We take away the hand-moved index that usually 
accompanies this class of barometers; it is not needed and 
may introduce errors. The correction screw is covered 
so as to make the barometer foolproof. 
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The instruments are sent well packed to the observer 
with a small spike and instructions for mounting it, which 
in our case are the following: 


INSTRUCTIONS FOR MOUNTING THE BAROMETER. 
1. Mark your height on the wall where the instrument is to be placed. 


2. Nail the small spike 8 centimeters above the mark, so as to place 
the center of dial at the same height of your eyes. 


GOLPEAR EL CRISTAL 
ANTES DE LEER 


Fig. 1.—Dial for aneroid barometer used in the Cuban Meteorological Service. 


Besides, in the letter to the future observer we recom- 
mend to him to place his head in such a position that he 
may see by reflection his eyes in the instrument, avoiding 
as far as possible parallactic errors. 

The instruments are sent to any place without know- 
ing the height above sea level. In fact, we do not care 
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about this, as measures will be expressed finally to cor- 
respond to those of mercurial barometers, corrected for 
sea level, and normal gravity. 
course, we have to depend on readings of mercurial 

barometers for the determination of the constant of each 
instrument. We proceed in the following manner: 

Readings are taken at 7 a. m. and a value is assigned 
to the word sent each day from the isobar that crosses 
the place of the observer. In normal weather, 20 
observations will suffice to eliminate all errors of drawing 
of isobars and give a very approximate value for a chosen 
word. For instance, suppose the observations sent are 
the following: 


[Distance between words=1 mm.] 


| | 

| Reduction toa 

| Value | chosen word on 

| assigned. the basis of each 
| value assigned. 


Words received. 


toga= 762. 5 


The mean of 20 readings will give a fair value for the 
reading “‘toga’’ at this special place. Then all other 
values for the station are inserted and the instrument 
can then render service. Other determinations of the 
constant for the word chosen can be made from time to 
time. 

We have found this to be the most economical and 
exact procedure of obtaining air pressure observations 
from nontechnical observers. 

It might be mentioned that this device of introducin 
the code directly in the instrument could be utilize 
also in wind direction and velocity. We intend to do 
so in the future. 

In developing this system the writer had the valuable 
assistance of Mr. Miguel Gutierrez Cenizos, observer of 
the Observatorio Nacional of Cuba. 


THUNDERSTORMS OF JULY 13, 1922, IN THE DISTRICT OF COLUMBIA, MARYLAND, AND VIRGINIA. 


By Atrrep J. Henry, Meteorologist. 


{Weather Bureau, Washington, D. C., August 15, 1922.] 


The series of thunderstorms that occurred on July 13, 
1922, as well as others which have been experienced dur- 
ing the present season, clearly lacked the usual evidence 
of a definite movement from one point of the compass 
to another that is a characteristic of thunderstorms in 
this vicinity. It has seemed rather that the storms have 
developed directly over the city and spread locally from 
that point asacenter. The usual progression of thunder- 
storms in the vicinity of Washington is from the north- 
west to the southeast. 

The object of this note is to ascertain whether the usual 
statistics on the occurrence of thunderstorms in the ad- 
joining States of Maryland and Virginia would throw any 
ight of a definitive character upon the progression of the 
thunderstorms of July 13, 1922. 

Meteorological conditions —At 8 a. m. of the date in 
question a trough of low pressure stretched from the 
mouth of the St. Lawrence southwestward to the Caro- 
linas. This trough was flanked on either side by higher 
pressure, the level of the barometer at the center of the 
respective anticyclones being 30.30 inches. The winds 


were south to west in the trough and northerly on its 
western margin. The temperature at 8 a. m. at Wash- 
ington, Baltimore, and in southeastern Pennsylvania was 
80° or above and the humidity was relatively high, both 
conditions being favorable to the development of thun- 
derstorms later in the day. 

The beginning of the storm at Washington, D. C-—The 
first thunder was heard at 4 p. m. and rain began 5 min- 
utes later. The local sky signs, however, indicated that 
preliminary thunderstorm activity had been in progress 
over the city for at least an hour. At 3:05 p. m. thunder 
was heard to the east of the station, but further develop- 
ment of this disturbance ceased. At 3:30 p. m. typical 
thunderstorm clouds appeared to the southwest and these 
thickened and apparently moved to the east; meanwhile 
the northwestern segment of the sky was devoid of 
thunderstorm clouds, although shortly before the storm 
broke a confused mass of clouds appeared in that part 
of the sky. At about 4 p. m. the electrical display, 
which had hitherto been confined to the south and east, 
appeared in the northwest and very quickly thereafter 
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rain began. ‘The winds before the storm were from the 
northwest and north, occasionally backing to northeast. 
Heavy rain began at 4:43 p. m. with the wind in the 
southeast; the rain slackened somewhat about 5 p. m. 
and the wind shifted to northwest, rain again becoming 
very heavy. From 4:43 to 5:48 p. m., 2.79 inches of rain 
fell, being the greatest amount for an hour ever recorded 
at the station. The total for the storm was 3.37 inches. 
Inquiry as to the amount of rainfall at near-by points 
in Virginia separ to show that the intensity of the 
storm in that State was much less than in the District of 
Columbia. At this juncture it was decided to make an 
inquiry as to the rem of rainfall and the progression of 
the storm in the adjoining States of Maryland and Vir- 
ginia. The section directors for those States have sup- 
lied me with data on both points and I have fortunately 
een able to secure from the sewer department of the 
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The least catch was but 65 per cent of the average for 
the District and the greatest was 139 per cent of the 
average, or a range from 39 per cent above to 35 per cent 
below, and this is probably not far from the normal 
pe ee in similar cases. So far as known, the only 
other point at which excessive rains fell in a short time 
was at Aberdeen, Md., and at Richmond, Va. The re- 
sults shown on Figure 1 are of direct interest to city 
nga and others interested in sewer construction. 

es aye of the storm.—lIt is not often possible to trace 
a single thunderstorm across a State, and the thunder- 
storms of July 13 were no exceptions to the rule. On the 
date in question at least two series of thunderstorms were 
observed, the first beginning in the extreme western 
counties of Maryland as early as 11 a. m. and progressing 
eastward or developing irregularly farther and farther 
east, the second apparently developed about 3:30 or 


Fic. 1.—Precipitation in Washington, D. C. (inches), July 13, 1922. 


District of Columbia rainfall records for the storm as 
measured at 24 points, mostly within the populated area 
of the city of Washington. These records, in addition to 
two others maintained by the Weather Bureau, will give 
a distribution approximately of one rainfall station for 
each square mile of territory. Mr. J. B. Gordon, sanitary 
engineer, has supplied a sketch map of Washington upon 
mae I have plotted the rainfall of the storm. (See 

ig. 1.) 

The catch of each gauge has been entered directly upon 
the map in the position occupied by the gauge. It will 
be seen at once that there were two areas of heavy rains 
one in the northeastern suburbs, as at Bennings, and the 
other in the southwest in the Rock Creek region. Be- 
tween the two there is an area of diminished fall extend- 
ing in a NNE-SSW direction with the minimum fall 1.85 
inches at Congress Heights. 


4 p. m., just west of Frederick County and progressed 
eastward and southward rather slowly until it reached 
Delaware Bay between 7 and 8 p. m. 

In Virginia the earliest time of beginning was 3:20 
p. m. at Mount Weather, in the extreme northwestern 

art of the State. In Loudoun County, directly east of 
Mount Weather, two stations report the beginning as at 
4 p.m. At Washington, D. C., about 60 miles directly 
east, the beginning was at 4:05 p.m. Thunderstorms also 
began at the same hour at Charlottesville and Hopewell, 
Nive both points being in the south-central part of the 

tate. 

The times of beginning in both Maryland and Virginia 
points is shown in Table 1 on next page: 


1Cf. The distribution of rainfall over restricted areas. MO. WEATHER REV., 49: 
401-404, 
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TABLE 1.—Time of beginning of thunderstorms in Maryland and Vir- 
ginia, July 18, 1922. 


MARYLAND. 
T { b 
| Time of be- 
Station. County. ginning. 
Northern group: | 
Cumberland ....... 1 nm 
Clear Spring. 2: m. 
Chewsville... i: .m. 
Keedysville........ .m. 
Westminster... ................. m. 
.m. 
5:00 p. m. 
Middle group: 
Great Falls. do... me 4:30 p. m. 
c .-} 4:30 p. m. 
.| 4:05 p. m. 
.-| 5:15 p. m. 
| D. D. p.m.? 


2:40 p. m 

Southern group: 

\f1:00 p. m 
Perry | Ke 30 D. m. 


VIRGINIA. 


Northern group: 


| District of Columbia.............. 4:05 p. 

Middle group: 

Charlottesville. ..........4...... 1:00 p. 


Southern Group: 
Richmond... 
Hopewell... 
Runnymede. . 
Newport News 


1D. N.=During night; D. D.=During day. The stations are arranged according to 
geographic position beginning in the extreme northwest and proceding due east, then 
returning to the west and proceding east as before. 


The evidence of the above table is not conclusive 
either for or against the idea of nonprogressive move- 
ment; it, however, seems to support the belief that 
thunderstorms developed east of the Blue Ridge in 
both Maryland and Virginia at approximately the same 
hour on the afternoon of the 13th and that the more 
vigorous of them moved east-southeast or due east. It 
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is also clear that there were at least two distinct series 
of storms in both States and that the second one was 
the more violent of the two. The concentration of the 
heavy rainfall in one or two localities must be explained 
as due to local and favorable conditions at those points. 
Very heavy rain also fell in Maryland on the 20th, due 
to a barometric depression central on that date on the 
coast. 


TORNADOES IN SOUTH DAKOTA, JULY 8, 1922. 
By M. E. Biystone. 


{Weather Bureau, Huron, 8. Dak.) 


In the evening of July 8, 1922, two tornadoes occurred 
in rather close proximity near the southern border of 
South Dakota, one at St. Charles, Gregory County, 
which borders the Missouri River on the west, and the 
other on the southern shore of Lake Andes, Charles 
Mix County, which borders the Missouri River on the 
east. The distance apart was about 30 miles. That 
these were separate and distinct tornadoes seems to be 
shown by the fact that no destruction occurred between 
the two places, and by the further fact that the one at 
Lake Andes is reported to have occurred at 10 p. m. 
and the one at St. Charles at 10:15 p. m., while both 
moved in a generally eastward direction. 

Both these tornadoes appear to have been of great 
violence. The one which occurred at Lake Andes came 
from the west. It missed the town of that name, but 
it destroyed about 20 summer cottages, 2 large dance 
halls, and 5 large barns on the south shore of the lake. 
Fifteen persons were injured, but no one was killed. 
The property loss is estimated at approximately $25,000. 
The fans to crops was slight. After causing this destruc- 
tion the tornado apparently lifted and moved toward the 
southeast, dipping down again at a distance of about 
14 miles, but apparently causing no destruction. The 
débris lay toward the south, indicating that the build- 
ings destroyed were on the northern side of the tornado. 
There was a funnel-shaped cloud. 

The tornado at St. Charles was more destructive, 
possibly due to the fact that more buildings were in its 

ath. This tornado is believed to have originated near 
Deovktbune, Nebr., about 15 miles southwest of St. 
Charles, where some barns were destroyed. However, 
it appears to have caused practically no destruction in 
South Dakota except at and near St. Charies. Prac- 
tically all the buildings in St. Charles were destroyed 
or damaged. One grain elevator was upended and 
practically destroyed. Another near it was damaged 
only slightly. One lumber vard was destroyed and the 
lumber scattered. The total property loss is estimated 
at $150,000. One person was killed and nine were 
injured. ‘There is no report that a funnel-shaped cloud 
was seen, probably due to darkness, but as the path of 
destruction did not extend beyond the limits of the 
town there seems to be no doubt but that the storm 
was a tornado. 


| p.m. 
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INFLUENCE OF VARYING SOIL CONDITIONS ON NIGHT-AIR TEMPERATURES. 


By E. H. Harnes, Meteorologist. 


{Weather Bureau, Chicago, Ill., March 20, 1922.} 


SYNOPSIS. 


A relation shown to exist between the temperature of the soil and 
the ensuing minimum temperature of the air immediately above, as 
affected by the varying conditions of the former—constituent character 
of the soil, moisture content, and the amount and character of the 
vegetal cover. Low night-air temperatures in gardens and truck farms 
may often be prevented in the first place by the selection of soil in 
which there is a sandy component, as sand and sandy loams are warmer 
than other soils and give off heat in the nighttime by conduction to the 
air above, thus diminishing the probability of critical temperatures and 
the formation of damaging frosts. Secondly, the land in use should 
be well drained of surplus moisture, as wet soils are invariably cold soils 
and more susceptible to frost damage. Lastly, any soil, whether it be 
sand, loam, or clay, is warmer when it is clean and free from weeds and 
unnecessary vezetation, as bare soils are productive of higher night-air 
temperatures than those covered with a rank growth, from which the 
heat received in the daytime is lost at night by radiation to space. 

Finally, there may be several reasons why frost forms on one side of a 
street and not on the other, or in one section of a level farm and not in 
another. If there are contrasting soils, one producing relatively high 
night-air minima and the other relatively low readings, or if the land 
differs even slightly in the amount of moisture, or in the kind and ex- 
tent of the surface covering, or amount of insolation received, frost will 
appear in the sections which have wet, cold soils, covered with heavy 
vezetation or uncultivated, while, on the same night and under the 
same meteorological conditions, frost may not form on other ground 
close by where the soil is relatively dry, warm, and clean. 


It is well known that in mountainous or hilly sections 
on clear, cool nights frost often forms on valley floors, 
but not on slopes higher up. This condition has been 
discussed extensively in meteorological literature and will 
not be given attention in this article. Rather the sub- 
ject of differing night-air temperatures on level ground 
will be considered here. On two adjoining farms, and 
even in different portions of the same farm, practically 
level, widely differing night temperatures may be ob- 
served, resulting sometimes in a killing frost in one place 
and favorable temperature in the other; not because of 
any difference in topography, but because of the differ- 
ences in the character of the soil and extent and condi- 
tion of its covering. 

Remarkable variations in temperature were noted by 
Prof. H. J. Cox! in the Wisconsin cranberry marshes 
during an investigation conducted there in the seasons of 
1906-7; and, as the bogs where the observations were 
made are absolutely level, the results of this study may 
be applied to ordinary level farm land. The differences 
in temperature noted in the Wisconsin investigation were 
found to be largely due to the variation of the tempera- 
ture of the soil as determined by the varying conditions 
with respect to the kind of soul, its moisture, and the 
amount and character of its vegetal cover. Concerning 
these variations Professor Cox says: 

On any clear, cool night the cold air overspreads the bog, and here 
and there are found warm places and cold places and others having 
intermediate values, depending upon the character of the soil and its 
covering. It is as if heaters of varying power were scattered over the’ 
bog, giving off heat to the air immediately above, some in greater 
quantities and others in less. 

The following condensed table from Bulletin T strik- 
ingly bears out the above statement, and shows the aver- 
age variation in temperature as registered by thermome- 
ters placed at the surface of the ground and at a depth of 
3 inches at four locations in the Appleton Marsh at 
Mather, Wis., during the crop season if 1907, these ex- 


1 Cox, H. J.: Frost and Temperature Conditions in the Cranberry Marshes of Wiscon- 
sin, Bulletin T,U, S. Weather Bureau, 1910. 


posures representing various conditions of soil and 
vegetal cover found in the marshes: 


| Station— 

| No.2 No.3. | ‘No.4 

Soil temperature, 6 p. m., 3-inch depth............... | 62.6 58.0 56, 6 57.2 
Soil temperature, 7 a. m., 3-inch depth..............-. | 54,4 54.9 55.1 | 54.9 
Loss of by soil during night............. | 8,2 3.1 1,5 | 2.3 
Exposed minimum at surface of ground during night.| 45.5 43.0) 41.7 | 42.3 
| 


Station No. 1.—Peat soil with sanded surface; vegetation thin. 
Station No. 2.—Peat soil with sanded surface; vegetation heavy. 
Station No. 3.—Peat with moss; vegetation heavy. 
. p. - s No. 4.—Peat soil, sanded, with 1 inch of new peat on surface; vegetation 

It is the practice in the more modern cranberry marshes 
to place a layer of sand 2 or 3 inches in thickness over the 
peat soil in order to reduce the amount of moisture in the 
surface soil and to prevent to a certain extent rank 
growth of vegetation. Unless resanding is resorted to 
every year or two a layer of new peat from decaying vege- 
tation forms over the sanded surface. 

The 6 p. m. soil temperature readings shown in the 
above table naturally bear some relation to the amount 
of heat received in the daytime by the soil at the 3-inch 
depth, the more heat received the higher the reading. 
Similarly, the 7 a. m. soil temperatures bear a relation to 
the amount of heat lost by conduction and radiation from 
the soil, and the differences between the 6 p. m. and the 
7 a. m. readings may indicate the amount of heat lost 
during the nighttime. Where the soil conditions are 
favorable for storing up heat during the daytime and 
giving it off during the nighttime to the air immediately 
above, as at Station No. 1, there is found a “heater” of 
considerable strength. On the other hand, at Station 
No. 3, with much different conditions, the character of 
the soil and its covering does not permit much heating 
during the daytime and consequently there is little heat 
to give off at night. There we may say is located a - 
“heater” of low power. The higher average minima of 
45.5° at the surface of Station No. 1 compared with the 
relatively low average of 41.7° at the similar location at 
Station No. 3 show the remarkable effect of the soil and 
vegetal cover upon night-air temperatures immediately 
above the surface of the ground. The readings at Sta- 
tions No. 2 and No. 4 show results intermediate in value 
between the extremes at Stations No. 1 and No. 3, de- 

ending upon whether the conditions of soil and cover 
ead to relatively high or low afternoon soil temperatures 
and later correspondingly high or low night-air minima. 

The degree of fall in air temperature during the night 
depends largely upon the warmth of the soil. Where the 
amount of heat absorbed SBFINE the day is slight and the 
ensuing night calm and clear, thus permitting rapid cool- 
ing by radiation, the result is a low night-air temperature. 
On the other hand, where a large amount of heat is ab- 
sorbed during the day by the soil, there can be more heat 
lost from the soil to the air above before a critical tem- 
perature is reached, simply because there is a greater 
amount of stored heat to draw upon. Although these 
conclusions are based upon observations made over 
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marsh land, they may apply with equal force to condi- 
tions which are regia found over level farm land. 

Franklin’s * observations made in 1918-19 in England, 
covering temperatures taken at the surface of the soil and 
at a 4-inch depth, “uphold,” he says, in referring to 
Cox’s investigation in the Wisconsin marshes, “the view 
that the temperature and conductivity of the soil play a 
most important part in determining the minimum tem- 
perature at night.”’ 

It is now a generally accepted fact that the character 
and temperature of the soil do affect to a marked degree 
night-air temperatures up to a height of several inches 
above the surface, and this influence should not be over- 
looked in connection with the occurrence of frost on level 
ground where truck is raised or where berries are grown 
on vines or small bushes. Of course, on very still nights, 
at a distance of several feet above the ground, the influ- 
ence of soil conditions is lost or nearly lost, and it is there- 
fore not a factor in the discussion of methods of protec- 
tion from frosts in orchards, except for small fruits. 

The writer, who was privileged to take part in the Wis- 
consin research, believes that the knowledge of the rela- 
tion of soil conditions gained in that study to air tem- 
peratures immediately above, might well be applied to 
general farm land. Moreover, it is hoped to meet the 
statement so often made that frost is observed on one 
side of the street and not on the other without any apparent 
reason. The results of the investigation in the cranberry 
marshes were most beneficial, and the methods now prac- 
ticed by the growers to avoid damage from frost—sand- 
ing, draining, and cultivating—will be discussed in order 
in connection with their value as an aid in warding off 
frost where truck or fruit grow near the ground. 


ADVANTAGES OF SANDY SOILS. 


Sanding, as previously stated, is resorted to in some 
localities in the laying out of the,more modern cranberry 
marshes in order to reduce rank vegetable growth and sur- 
face moisture, and thus prevent low night-air minima. 
Of course, it is impracticable to sand large or even small 
areas of ordinary farm land for the purpose of warding off 
frost, but it is nevertheless well to point out the advan- 
tages of sandy soils, so far as heat conservation is con- 
cerned, in order that these facts may be of assistance in 
the selection of ground for the growing of truck and 
small fruits. 

Sand is formed from the disintegration of rock and con- 
sists of relatively coarse rock particles. Clay is also 
formed from the disintegration of rock and differs from 
sand in that it contains the largest proportion of fine 
particles of any soil, while sand contains relatively large 
particles. Loams, strictly speaking, consist of earthy 
matter composed largely of either sand or clay, but hav- 
ing enough of the former to counteract the cohering 
property of the latter, and contain particles intermediate 
in size between those of sand and clay. They also in- 
clude a considerable amount of decayed organic matter, 
pure black loam having a larger proportion of decayed 
vegetation than either sandy loam or clay loam, and it 
is therefore a poorer conductor of heat. Peat is a carbo- 
naceous matter formed by the partial decomposition of 
plants in water, and is, of course, also a poor conductor 
of heat, much poorer than loam even. 

Of the soils mentioned, peat is probably the best 
radiator and sand the poorest, with loams and clays 
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occupying intermediate positions. Pure black loam, 
however, is undoubtedly as good a radiator as peat. 
Sand gives out heat slowly, and cools mainl by conduc- 
tion to the air immediately above, instead of by radi- 
ation through the air as do loam and peat. Night-air 
temperatures over sand and soils mixed with sand are 
therefore relatively high. 

Black soils, of course, are excellent absorbers of heat, 
and peat, black loam, clay, clay loams, sandy loams, and 
sand rank in the order named in their absorptive power. 
A black loam is colder than a sandy loam, however, 
because, although more heat is absorbed during a sun- 
shiny day, the degree of conduction into the soil and 
consequent storing up is not so great and more is lost at 
= y radiation. 

rof. W. J. Humphreys® says: 

The better the absorber, other things being equal, the warmer it gets 
during insolation and the more it heats the air, while the better the 
radiator it is, the colder, as a rule, it and the air adjacent become dur- 
ing the night. When the atmosphere is clear and dry, and therefore 
diathermanous, the cooling of objects and their liability to frost depend 
largely upon their capacity to radiate at ordinary temperatures. A 

radiator under these conditions loses heat partly by radiation 
through the atmosphere to space. It cools rapidly, but the heat it 
gives off does not all go to warming the air, for a part of it is directly 
lost to space. On the other hand, an object that radiates poorly gives 
off its heat in a large measure by conduction to the atmosphere. It 
tends to conserve both its own temperature and that of the surrounding 
air and thereby diminishes the probability of frost. 


Since one of the chief factors in influencing the temper- 
ature of a soil is its capacity for water and as sand retains 
only a small proportion of moisture when all the free 
water has been allowed to drain away, it should be 
apparent that soils having a sandy component, and there- 
fore relatively free from excess moisture, are productive 
of higher night-air temperatures than those containing 
more moisture. Sand because of its low capillarity pre- 
vents water in the ground from coming to the surface. 
It also warms easily because of its low specific heat. 
As a result of these characteristics sand conserves both 
its own temperature and that of the co eng | at- 
mosphere, thereby diminishing the probability of frost. 
It is for these reasons in addition to ease of cultivation 
and quick drainage that truck growers prefer a sandy 
soil—either sand or sandy loam—especially for early 
garden crops. 

It should be stated, however, that, while a sandy 
component in a soil is instrumental in modifying low 
night-air temperatures, this influence is of little conse- 
quence after frost has once entered it. This fact was 
quite apparent as a result of the Wisconsin study, inas- 
much as the differences between the exposed minima 
over sand and peat were small during the month of 
October as compared with those in the warmer months. 

Professor Cox found in the cranberry research that 
for the two months of August and September, 1906, the 
average minima 5 inches above the surface of sanded 
portions of the Appleton and Fitch marshes were, 
respectively, 4.4° and 5.4° higher than the minima at 
similar exposures over peat, some daily differences be- 
tween these locations being as great as 19°. 

Other investigators, also, in soil temperature have 
found sandy soils to be much warmer than other soils. 
King* compared the temperature of a well-drained 
sandy loam with that of a black marsh soil and found 
that the former averaged for five consecutive nights 
7.5° warmer than the latter, this difference being suffi- 
cient to have a most decided effect upon crops. 


3 Humphreys, W. J.: Bulletin of the Mount Weather Observatory, Vol. II, part 3. 
King, F. fi: The Soil. 
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O. G. Malde, for many years in charge of the branch 
experiment station in the cranberry bogs at Cranmoor, 
Wis., in an unpublished article, writes as follows: 

Temperature data recently compiled as a summary of 11] seasons of 
observations at the Cranberry Experiment Station (1906 to 1916, 
inclusive) show that there is an av of 58 days between the last 
spring and the first fall frost (June 25 to August 22) over unsanded 
bogs, as against 118 days between last spring and first fall frost over 
sanded bogs. This represents a gain of 95 per cent in length of frost- 
free season on sanded over that on unsanded bogs. The item of 
sanding, therefore, greatly reduces frost hazards and conserves the 
water supply by eliminating the need for frequent flooding to protect 
against summer frosts. Sanding also permits, and, in fact, requires, 
deeper and better drainage, and is an insurance against fires on bogs 
in dry seasons. 

The soil in many orchard regions is of sand, as in 
western lower Michigan, and fruit may be raised on such 
a soil to advantage. Along the Atlantic coast, Norfolk 
sand is considered one of the. best soils for the growing 
of truck, while the sandy loam found in many agricul- 
tural regions shows the advantages of the sandy com- 
ponent. The volcanic ash of the far West has some quali- 
ties similar to sand so far as its heating property is 
concerned. 

When the statement is made that frost without appar- 
ent reason is noted in one section of a level farm and not 
in another, it is now seen that there is a reason and that 
it may be a question of character of soil, sand and loams 
with a sandy component being productive of higher 
night-air minima than black loams, clay loams, and clay. 


DRAINING. 


Frost occurs mpre frequently on wet or damp ground 
than on dry ground, and this is true irrespective of the 
character of the soil. In the Wisconsin investigation it 
was found that for the month of September, 1906, in the 
Fitch Marsh near Berlin there was an average difference 
of 2.4° between the minima at the surfaces of wet sand 
and dry sand in locations only 50 feet apart, the soils 
otherwise being the same so far as vegetal cover was 
concerned. The average minimum over the dry surface 
was, of course, the higher. This average included all 
nights, whether clear, p ce or rainy, and the difference 
was naturally most marked on clear nights; on one such 
night the thermometer over the dry surface registered 
35.8° and over the wet 27.3°—a most remarkable varia- 
tion of 8.5°, with safety at one point and damaging frost 
at the other. Since these two surfaces were located in 
the same section of the bog, distant from each other not 
more than 50 feet, and there was no difference in the 
character of the soil cover, as stated previously, the larger 
amount of moisture present was solely responsible for 
the relatively low value over the wet surface. The 
amount of this variation represents roughly the margin 
of safety which may be assumed to obtain on radiation 

ights between dry and wet sanded surfaces; but the 
differences would probably not be so great over loams 
or clays, as the range in surface temperature over sand 
is large owing to its low specific heat. 

Gardens, fields, and farms well drained are less suscep- 
tible to frost than lands poorly drained and having a 
surplus of moisture, other conditions being equal, as a 
dry soil is productive of higher night temperatures. 
This is because part of the sun’s heat is used in evapo- 
rating moisture from a wet surface and raising the tem- 
perature of the water in the soil, while the same amount 
of heat in falling upon a dry surface more directly affects 
the soil. Five times as many heat units are required to 
raise the temperature of 100 pounds of water 1° F. as 
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are required to raise the temperature of a similar amount 
of dry soil 1° F. Wet soils are always relatively cold 
because evaporation of their water content keeps their 
temperature low. This lowering of temperature by evap- 
oration is in proportion to the rate at which evaporation 
occurs. King*® shows that the difference in the rate of 
evaporation from clay and sandy soils when both are well 
drained is often sufficient to produce a lower minimum 
by 7° in the clay at a depth of 1 foot. This difference 
would, of course, be greater at the surface of the two 
soils, and cause a corresponding difference in the air 
temperatures immediately above the surfaces. Clay 
soils are relatively cold because of the large amount of 
evaporation from the surface, the water capacity of clay 
being about 40 per cent, while some sandy soils and 
loams that are warmer than clay may have a water ca- 
pacity as low as 5 per cent. King states that a given 
amount of sunshine that will heat a certain quantity of 
water 10° will raise the temperature of an equal amount 
of dry sand 52° and of clay 44°. A well-drained soil is 
not only generally warmer than a damp soil but it is 
easier to work, and the number of days that it can be 
worked is also much greater. 

In the cranberry marshes ditches, run at frequent in- 
tervals, serve to carry away surface moisture and reduce 
evaporation; and ditching and tiling are resorted to in 
the draining of truck an 

Here we find another reason to account for the appear- 
ance of frost on certain portions of level land and not on 
adjoining sections—that of drainage, a deposit of frost 
being more likely to form where the soil is moist, because 
—_ soil is likely to be relatively cold than where it is 

rier. 


CULTIVATING. 


In the Wisconsin research it was also found that 
vegetation, as well as the character of the soil and its 
moisture, is a most important factor in affecting night- 
air minima immediately above the surface of the ground. 
Where there is dense vegetation the soil temperature is 
kept from reaching a high point in the daytime, since 
the surface of the ground is then screened from the 
sun’s rays; and, inasmuch as leaves and grasses are excel- 
lent radiators and lose heat rapidly, especially when the 
atmosphere is diathermanous, crops with heavy foliage 
are more subject to damage from frost than those with 
thin foliage, other considerations being the same. In 
dense vegetation and weeds, then, are found high day 
and low night temperatures. 

Now, on the other hand, relatively low temperatures 
during the daytime and relatively high temperatures at 
night are found in the air immediately above a bare, 
clean soil or even one thinly covered with vegetation. 
The direct insolation is chiefly absorbed by the clean 
soil and conserved, and given off to the air above at night, 
largely by conduction, if the soil be sandy, thereby 
preventing frosts and low minima. But whether the 
soil be sand or loam or clay, the cleaner it is the warmer 
it becomes through insolation and the higher are the 
night-air temperatures above. 

he above statements are in harmony with the values 
contained in the table below, showing the average 
maximum and minimum temperatures at the surface of 
the marsh for the crop period from May to September, 
inclusive, 1907, at the Appleton Marsh, Mather, Wis., at 
the two stations having contrasting conditions as regards 
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covering, but similar environment as regards soil and 
moisture. 


Station— 
No.1. [ No.2 
°F. 
Average maximum temperature at surface in open............-.-- 89.1 96.6 
Average minimum temperature at surface in open........-.....-- | 48.8 | 46. 1 


i 


Station No. 1.—Peat soil with sanded surface; vegetation thin. 
Station No. 2.—Peat soil with sanded surface; vegetation heavy. 
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The above data, of course, represent average values, 
including cloudy weather as well as clear, but it is dur- 
ing clear weather naturally, when critical temperatures 
are most likely, that the advantage of bare soil over 
dense growth is most apparent in the resulting tempera- 
ture conditions. In several instances during the cran- 
berry marsh research the maxima in dense vegetation 
under the most favorable conditions exceeded that over 
bare soil by from 10° to 15°, the minima the following 
morning in the rank growth being from 5° to 8° lower. 


PREDICTING MINIMUM TEMPERATURES IN THE VICINITY OF WALLA WALLA, WASH. 


By Cartes C. GarReTT, Meteorologist. 


[Weather Bureau, Walla Walla, Wash., August 14, 1922.] 


Beginning with the spring frost season of 1915, a 
localized frost-warning service has been maintained at 
the Weather Bureau office at Walla Walla, Wash., for 
the benefit of orchardists and truck gardeners in various 
districts of southeastern Washington and northeastern 
Oregon. At one time the district included orchard sec- 
tions as far away as the Umatilla irrigation project, near 
the junction of the Umatilla and Columbia hice in 
Oregon, and the White Bluffs project, on the west bank 
of the Columbia north of the mouth of the Snake River, 
but the area has been diminished considerably in the last 
two or three seasons. 

As is the case in all of the commercial fruit-growing 
regions, the extent of orchard-heating operations for the 
‘te ose of combating frost is largely dependent upon 
ocal economic conditions, and interest in the matter 
increases and diminishes following seasons with greater 
or less frost damage. 

The cost of installing orchard-heating equipment and 
the cost of fuel-oil and extra labor of filling and lighting 


the containers add materially to the running expenses of 


an orchard. If the prices received by the growers for 
their products are low, many do not consider that it pays 
to go to the extra expense of equipping their orchards 
with frost-fighting devices. Particularly is this true in a 
region similar to the Walla Walla Valley, which is usually 

uite free from severe frost damage. In the last two or 
three seasons heating has been confined mostly to prune 
and a few peach and cherry orchards. Practically no 
effort is now made to heat the large commercial apple 
orchards anywhere in the district. The question as to 
the effectiveness of orchard heating, when properly 
carried on, is not now often raised in this district, as it has 
been quite conclusively demonstrated by a number of 

rominent orchardists that the temperature within a 
Leaked orchard can be raised several degrees above that 
on the outside. The only question is that of the desira- 
bility of going to the extra trouble and expense. 

Even though the number of orchardists in the Walla 
Walla district who are prepared to smudge or heat their 
orchards is relatively small, a considerable demand exists 
each season for accurate forecasts of minimum temper- 
atures on critical nights for the fruit. A forecast merely 
of light, heavy, or killing frost, while of value, is not 
sufficient. 

In addition to a careful study of the morning and 
evening weather charts, the methods of forecasting 
minimum temperatures are based primarily on readings 
of a maximum thermometer and readings of dry and wet 
bulb thermometers taken, preferably, in the early even- 
ing. The instruments should be exposed in a ground 


shelter under conditions approaching as closely as possi- 
ble those existing in the orchards. 

Studies of different methods have been made by a 
number of investigators, and explanations published in 
various numbers of the MontHty WeatuerR Revrew,! 
and in WEATHER REVIEW SuPPLEMENT No. 16. 

(Method A) Dewpoint-relative-humidity charts.—This 
method is based on the well-known relationship between 
evening hygrometric data and ensuing morning minimum 
temperature. On a comparatively calm, clear night a 
knowledge of the value of the evening dewpoint enables 
one to approximate the minimum temperature of the 
following morning provided the relative humidity is taken 
into consideration along with the dewpoint. The depres- 
sion of the minimum temperature below the evening 
dewpoint is greater when the moisture content of the 
air is low than in the case where there is a greater supply 
of moisture. If the relative humidity is comparativel 
low the dewpoint will be reached later in the night, if 
reached at all, than if the relative humidity is high. To 
best utilize the observations of dewpoint and relative 
humidity in the practical work of forecasting minimum 
temperatures it has been found convenient to chart the 
observations on cross-section paper. The relative hu- 
midity data are indicated at the bottom of the chart, 
while figures at the left indicate the differences between 
the dewpoint at the evening observation and the mini- 
mum temperature of the following morning. <A dot is 
entered on the diagram to agree with the observed 
relative humidity and the variation of the minimum from 
the dewpoint temperature. 

Dot charts have been prepared at the Walla Walla 
station, one for the first and one for the last half of the 
spring-frost season. Data for all the clear and mostly 
clear nights for several seasons were used—a period long 
enough to afford a fair test of the practical value of the 
method. On the Walla Walla charts the dots arranged 
themselves in the form of a parabolic curve. The curve 
of nearest fit through the dots was calculated by the 
“star point method.” A full explanation of the process 
employed for calculating the curve is given by Prof. 
J. Warren Smith in Monruty WeaTHER Review Svp- 
PLEMENT No. 16. Where many observations are avail- 
able for making the dot charts the line or curve of nearest 
fit may be drawn with fairly good results free-hand 
instead of making use of 2 mathematical calculation. 

By the use of the charts the forecaster, knowing the 
evening relative humidity and dewpoint at his station, 
can arrive at a close estimate of the probable minimum 
temperature at the “key station”? on the following 


~1Mo. WEATHER REv., October, 1914; August, 1917; May, 1918. 


| 
&§ 
i 


Jory, 1922. 


morning. The charts are of value only on comparatively 
clear nights, when nocturnal radiation is mostly uninter- 
rupted. Clouds and wind, especially when they occur 
near the normal time of minimum temperature, serve to 
check the temperature drop, resulting in a higher mini- 
mum than would have been reached if the night had 
been clear throughout. However, errors in the fore- 
cast due to these causes are on the safe side; that is, the 
minimum that is reached is higher than the predicted 
minimum. Errors on the unsafe side (minimum lower 
than predicted) would result from the importation dur- 
ing the night of colder air from outlying regions. In the 
Walla Walla district, and other orchards west of the 
Rockies, fortunately, such a condition occurs very rarely 
in the Ati . A close study of the evening weather 
map is the forecaster’s recourse under such conditions. 
(See MontHty WrATHER Review SuPPLEMENT No. 16.) 

(Method B.) Relation between maximum and minimum 
temperatures.—A diagram showing the relation between 
the maximum temperature of the day and the minimum 
temperature of the following morning has also been pre- 

ared at Walla Walla, the data employed being ¢hbse 
or the same nights used in preparing the hygrometric 
charts. On the maximum-minimum chart the dots fit 
quite closely along a straight line. 
temperature estimated from the diagram has fairly 
closely approximated the actual minimum recorded on 
— of good radiation. 
indicated by the dewpoint-relative-humidity chart and 
the maximum-minimum chart gives very satisfactory 
results if clear weather prevails. 

(Method C.¥ Subtracting a constant from the evening 
wet-bulb temperature.—Investigations carried on by the 
Swedish meteorologist Anders Angstrém? resulted in his 
finding that the minimum temperature could be closely 
estimated by subtracting a constant from the evenin 
wet-bulb temperature, best results being obtaine 
when the wet-bulb thermometer was read at about sun- 
set. Following out this suggestion, the present writer 
has calculated the average variation at Walla Walla 
for 121 nights in the six seasons 1917 to 1922, inclusive, 
and found it to be 10.5° for the first part of the season, 
March 15 to April 15, and 11° for the last part, April 16 
to May 31. The greatest difference between wet-bulb 
and minimum was 16°, and the least 6°. By subtracting 
the constant of 11° for the 121 nights the minimum would 
have been predicted within 3°, or less than 86 per cent 
of the time. A comparison of the predicted minimums 
obtained by use of the hygrometric charts and those 
obtained by subtracting the constantfrom the evening 
wet-bulb temperature shows that the indicated mini- 
mums were nearly the same in every case. The Ang- 
strém method is certainly a simple and easily arrived at 
one of deciding on the probable minimum temperature 
from wet-bulb readings alone on nights of good radiation. 

(Method D.) Predicting the minimum temperature from the 
median temperature hour.—An additional aid to the fore- 
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caster is what is termed the median temperature method. 
By the median temperature is meant the halfway temper- 
ature between the afternoon maximum and the ensu- 
ing morning minimum. On nights of good radiation, 
when meteorological factors other than the normal 
nocturnal fall are not involved, the median temperature 
falls at nearly the same time in the evening, except that 
the time becomes later as the season advances. It has 
been found at Walla Walla that the average time is about 
7:40 P. m. for the last half of March, 7:55 p. m. for the 
first half of April, 8:05 p. m. for the last half of April, 
8:15 p. m. for the first half of May, and 8:25 p. m. for 
the last half of May. By noting at the proper time the 
number of degrees fall from maximum temperature that 
has taken place, and subtracting that value from the 
current temperature, a figure that will agree fairly 
closely with the next morning’s minimum will be ob- 
tained. The median time method, obviously, can be 
used only for late evening warnings. (See MonTHLy 
WEATHER ReEviEw, October, 1914, p. 581.) 

The working method at the Walla Walla station has 
been to average the minimum temperatures that have 
been pathy by the various methods, taking into con- 
sideration the observed local conditions and the general 
barometric and weather conditions as shown by the p. m. 
weather chart. Of course, blind reliance must not be 
placed on any formula or set of rules for predicting mini- 
mum temperatures, but the experience of those who have 
studied the relationship of evening hygrometric data to 
morning minimum temperatures, as well as the relation 
of maximum to minimum, and applied the result of their 
studies to the practical work of forecasting, taking into 
account other factors in their proper relation, has resulted 
in renewed confidence in their ability to forecast closely 
the minimum temperatures on critical nights for fruit 
and vegetable growers. 

In a district where temperature conditions may vary 
considerably in the different local areas the aid of coop- 
erative observers is necessary for best results. Where it 
is not easy to obtain uniformly reliable readings of the 
wet and dry bulb thermometers, due to inexperience or 
lack of available time on the part of the cooperative 
observer, a knowledge of the thermal relationship be- 
tween the outlying districts and a central ‘“‘key”’ station 
can be had through comparative readings of self-recording 
minimum thermometers, or records of thermographs, 
covering a period of several seasons. 

In the accompanying table appear the results of using 
the various nailed described in this paper, for a number 
of typical radiation nights during the four seasons 1919 
to 1922, inclusive. The dates selected were all those after 
March 15, when heavy to killing frost occurred at Walla 
Walla. The table shows, in addition to the results ob- 
tained by the application of each method, the estimated 
minimum obtained by averaging those estimated by all 
the methods. 
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TaBLE 1.—Minimum temperature estimates for Walla Walla, Wash., on 
nights during the spring seasons 1919 to 1922, inclusive, using hygro- 
metric, marimum-minimum, and median temperature methods. (Dates 
given tn the table include all nights after March 15, with heavy or killing 
Frost.) 


| Con- 
stant 
Hygro- — sub- | Median | vorage| _Re- 
Date metric | jnini. | ttacted | temper- |* oF ia corded | Ditfer- 
chart | mum from ature |methods.| Mmini- | ence. 
method.| ethod mum. 
*| temper- 
| ature. 
1919 
Mar. 34 31 31 26 30 29 +1 
ere 32 34 32 - 2 32 32 0 
29 33 33 26 30 30 0 
Se 33 35 | 32 26 32 30 2 
25 28 27 23 26 29 —3 
29 32 31 30 30 31 
28 30 30 26 28 30 —2 
31 33 30 28 30 29 +1 
30 31 31 34 32 31 +1 
21 25 25 23 24 25 —1 
28 30 28 24 28 30 —2 
30 33 31 27 30 31 | —1 
31 35 32 27 31 31 0 
26 34 27 29 —2 
27 | 31 28 23 27 30 —3 
30 | 32 29 29 30 30 0 
34 37 34 26 33 31 +2 
25 25 Se 26 28 —2 
28 28 26 24 26 29 —3 
28 33 j 28 26 29 29 0 
| 


THE TEMPERATURE AT PORTO VELHO, AMAZONAS, 
BRAZIL. 


By J. Henry. 


Through the courtesy of Dr. Frederick L. Hoffman, 
statistician, Prudential Insurance Co., the Weather 
Bureau has been supplied with almost 14 years of clima- 
tological observations made by the Engineering Depart- 
ment of the Madeira-Mamore Railway at its eastern 
terminal, Porto Velho, on Madeira River just above the 
point where navigation on that river is interrupted by 
rapids and falls. 

The monthly totals of rainfall will appear in an early 
number of this Review. 

The temperature observations were made at the hours 
6:30 and 11:00 a. m. and 3:00 and 6:30 p. m. except that 
the last-named hour was changed to 5:30 beginning with 
June, 1917. No one of these hours alone, or any com- 
bination of them which might be made, would yield 
results that would closely approximate the mean temper- 
ature of the 24 hours, hence the means for each separate 
hour have been computed and are presented in Table 1. 
These data give a close approximation to the daily range 
in temperature for each month of the year. It may be 
seen by simple inspection that the mean temperature 
rises about 10° daily from 6:30 a. m. to 3:00 p. m. dur- 
ing the wet season, which extends from November to 
May, and as much as 15°, on the average, in the winter 
or dry season. Since the occurrence or nonoccurrence 
of showers in the afternoon would have an important 
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influence on the afternoon maximum, it is inferred that 
relatively dry months in the wet season would be favor- 


. able to high temperature. 


The highest temperature recorded at any of the observ- 
ing hours was 104° F. in October, 1914. Temperatures of 
100° F. were also recorded in August and October, 1916, 
and in September, 1917. September is the month of 
greatest maxima and February the least. 

The lowest temperature recorded during the period of 
observations was 56° F. in June, 1916, at 6:30 a. m. I 
have compiled from the daily observations the observed 
extremes for each month and present them in Table 2. 
The means given at the bottom of this table may be 
considered as approximate means of the monthly ex- 
tremes from which may be obtained the average monthly 
range of temperature. An inspection of these mean 
results shows that the range is greatest in the winter 
months of June-August and least in the summer months 
of January-February. 

It is interesting to note that Porto Velho temperatures 
were at a maximum in 1914-15, and at a minimum in 
1916-17, as noted for Arequipa.' 


TABLE |.— Monthly mean temperature at Porto Velho, Brazil, for the 
hours named, January, 1908, to November, 1921. 


{Approximate latitude 8° 44’ S., longitude 64° DOW. Elevation, —.] 


{ 1 { | 
Jan. | Feb. Mar. Apr.|May.| June. July. Aug.|Sept. pec Dec. | 

6:30 a. m....|76.1 {76.2 (76.2 (76.4 |75.5 | 73.4 | 72.2 |73.9 | 76.0 |76.5 '76.3 \76.0| 75.4 
11:00 a. m. .|82.1 |82.8 |$3.2 (83.6 | $3.1 | 83.9 [85.4 | 86.3 [85.2 [84.2 [82.5 83.7 
3:00 p. m.../85.1 |85.1 85.5 [86.2 [86.1 | 86.5 | 88.2 190.4 | 90.6 [88.5 [87.0 [85.3 87.0 
6:30 p.m... .|82.6 |82.5 |S2.6 33.1 | 83.9 | 85.7 86.6 |85. 1 | 84.0 


TABLE 2.—Approrimate monthly extremes of temperatures for Porto 
Velho, Amazonas, Brazil. 


{Maxima taken mostly from observations at 3 p. m.and minima taken from the 6:30 a. m. 
observations.] 


191 max...] 94 91 93 93 


Year. |Jan. Feb, ar Apr June July. Sept. Oct. Nov.) Dec. 
| 
| 

93 | 92 | 9 | 91 95} 91! 94) 96) 98] 92) 92 96 
“\min...| 73; 73| 66| 63| 63| 67) 72] 70 63 
igog/max...| 93 | 90; 89) 89) 90) 91) 9] 97| 96] 93) 97 
921 721 Bat, O82) | 72} 70| 70 57 
93} 90] 87| 90} 90} 90] 92) 96] 98) 95] 98) 
Ymin...) 71 | 73| 73) 67) 68) 62) 74) 72) 77) 73 62 
Max...| 92] 94) 91] 92! 89) 95] 97] 94) 94) 92 97 
\min...} 74| 74| 70) 71} 70) 58) 63) 66] 70) 70] 75| 75 58 
94 | 94) 92} 90] 93) 94] 94) OF] 91) 93 94 

min...| 75 | 76| 74; 741 71; 75) 58; 68] 76| 75) 73 
92 | 91 92; 91 | 94) 99 95} 97 99 

min...) 74] 75| 75| 74) 72) 70! 68! 66] 721 74] 75] 68 
90] 90; 92) 93| Of) 93 | 96] 96] 104] 98} 94] 104 
Amin...) 76) 74) 72) 68 70) 71 | 70 73 | 74{ 72] 72 68 
rorsfmax...| 94] 96] 96 | 98] 92] 95] OR] 95 95 | 92| 98 
\min...| 74) 72) 76) 74) 74} 62) 58) 70) 70) 74) 72) 71 58 
igigfMx---| 90) 90! 921 92] 93) 92] 94] 100} 98] 100] 94} 90] 100 

\min... 72) 72) 73! 72) 56: 66) 68! 68) 70) 64) 72 
1917 max...) 92} 90) 91) 92) 90 OF 9 | 98 100; 94) 92 100 

‘\min...| 72} 70! 72} 72| 60} 65, 62} 62] 70| 72] 72) 
90| 87; 88| 92| 92 93 | 93| 95) 95| 97) 94 97 
min...) 72| 72| 71{ 59| 62] 67| 70) 73! 71 59 


| 
min...| 70] 75! 74! 7% | 76 | 66 72} 60 74] 75 60 
io2qfmax...| 94) 92) 93! 92] 93!) 95 96] 96) 94! 92 98 
amin...; 761 74] 76) 74) 74 a4 65! 63; 65), 72! 73) 74 63 
93] 96) 92] 93; OF) 93) 96) 98 
Mean max.. 92.8 (91.4 91.9 91.9 92.1 | 92.5 93.8 96.3 | 96.7 195.7 [04.7 192.4 98.0 


Mean min. .'73. 1 |73.3 ‘73.3 '72.7 \69.5 | 64.2 64.0 ‘64.8 | 68.1 172.2 72.4 |72.0 | 60.6 
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NOTES, ABSTRACTS, AND REVIEWS. 


THE METEOROLOGICAL STATION ON JAN MAYEN.! 
[Excerpt from United States Consular Reports.] 


On August 1, 1921, Mr. Hagbard D. I. Ekerold, an 
American citizen, left Norway with two small vessels, 
the Isfuglen, 54 tons, and the Romegoont, 24 tons, on a 
meteorological and scientific research expedition to Jan 
Mayen’s Land, a tiny island in the Arctic, north of Ice- 
land and midway between the North Cape and the 
Greenland coast. The expedition was sent out under 
the auspices of the Meteorological Bureau of the Bergen 
Institute, and with the assistance of the Norwegian 
Government. A weather observatory, with wireless 
station, was erected, and Mr. Ekerold, with four assist- 
ants, spent the winter on the island. He has just re- 
turned to Norway, and has received assurance of support 
which will enable the station on Jan Mayen to continue 
as a permanent branch of the Norwegian weather ser- 
vice. The expedition was accompanied by a party of 
English scientists who studied plant and animal life on the 
island, and the following from an address by Mr. J. M. 
Wordie, a member of the party, before the British Geo- 
graphical Society seems of general interest. 

Discussing the results of the expedition, Mr. Wordie 
says that the island is apparently unremunerative com- 
mercially, but that— 


the Norwegians, however, have realized its importance in another field. 
Their country is peculiarly sepoanes on coastwise shipping, and in 
the past this ‘es suffered very heavily from unexpected northerly and 
northwesterly gales. The worst gales, moreover, come from a ‘‘blind 
corner” from which no weather reports are available. Jan Mayen [fills 
that spot, and its importance has just been recognized by Norwegian 
meteorologists. Professor Bjerknes’s (Director of the Bergen Meteor- 
ological Bureau) knowledge of the scientific and practical possibilities 
of a wireless station on Jan Mayen had to be supplemented, however, 
by Engineer Ekerold’s enthusiasm and energy before the present 
station was set going. Kkerold put forward his plans in February, 
and after an interval of months was finally able to get a grant of about 
£2,000 from the Storthing. After that, the affair appeared simple. In 
reality it was the reverse. To stow the long tree trunks destined to be 
wireless masts in the two small ships was in itself a problem not easy 
to solve. Both ships left Aalesund heavily overburdened with deck 
cargoes. The next difficulty was to land the gear in the heavy surf. 
This difficulty, too, was overcome and the heavy material carried to the 
chosen site—a small plateau of volcanic sand, but frozen firm as iron 
at a depth of 2 feet. ork started on August 8. On September 17 the 
erecting party was able to leave for Norway in the Js/uglen, the engine 
at the station by then being already in running order and both masts 
(150 feet high) erected. It was possible to speak Norway with a single 
mast; with both it was a very simple proposition. Weather reports 
began at once and continued till September 24. On that day, how- 
ever, a fierce gale raged all up and down the Norwegian coast; no 
further wireless messages came through, for in Jan Mayen, owing to 
faulty couplings, both masts collapsed in the gale. On October 19, 
however, E-kerold spoke Norway once more; he and his four companions 
had succeeded in putting shorter masts from the remains of the col- 
lapsed originals. The station, therefore, is now at last in running 
order, and messages are being received daily. It remains for the Nor- 
wegian weather bureau to gather and profit by the fruits of Ekerold’s 
painstaking efforts. 


ERRONEOUS REPORT OF EXCESSIVE RAIN. 


According to a news report ting at Houston, 
Tex., 8.35 inches of rain was said to have fallen at Thorn- 
ton, Tex., on July 19, within 40 minutes. On investiga- 
tion by the local office of the Weather Bureau at Houston, 
Tex., it is found that the original report was seriously in 


au J. M. Wordie: A summer visit to Jan Mayen Island. In Na‘ure (London), 
3 15-18, 


th ge rainfall on the date in question being about an 
inch. 

_ This note of explanation is published in the belief that 
it will prevent hydrographers from giving weight to the 
reported rainfall. It may be remembered that in the 
great rainstorm at Taylor, Tex., of September 9, 1921, 
which gave the greatest 24-hour rainfall of record in the 
ago States, the 40-minute fall was but 8.02 inches.— 


ON DUST-RAISING WINDS. 
By C. W. B. NorMAnp. 


[Excerpts from Memoirs of the Indian Meteorological Department, Vol. XX11, Part VII, 
1921, pp. 575-581, bibliog. } 

During the rainless, hot weather the whole land surface 
became parched and the alluvial soil, especially, developed 
a coating of fine dust [Samarrah, Mesopotamia, 1918]; 
in the areas of much traffic, the dust lay in places knee- 
deep. On days of light wind in August and September 
it was no uncommon occurrence to see three or four dust- 
devils of great height meandering with the breeze over 
this plain. These columns had quite sharp boundaries 
except at the top. They looked ridiculously high for 
their width, the i being generally of the order of 5 
meters in diameter and the height of many at least 300 
meters. * * * In their main essentials they did not 
differ from the similar dust columns of Egypt described 
half a century ago by Pictit, except that the Mesopota- 
mian dust-devils must be described as having a cylindrical 
rather than a diverging conical shape. * * * 

For the origin of dust-devils a highly unstable vertical 
distribution of temperature is necessary. The frequency 
of mirage in Mesopotamia shows that the density of the 
surface air layers often increases with height; in other 
words, the temperature lapse-rate near the ground must 
often exceed 3.4° C. in a hundred meters. * * * 
Some comparatively small impetus is all that is required 
therefore to set up a dust whirl onacalmday. * * * 

The primary dust storm occurs principally between 4 
p. m. and midnight in the months of March, April, May, 
and September. * * * With two exceptions the dust 
storms in spring were associated with thunderstorms and 
were undoubtedly due to the descendiug currents which 
are known to occur in front of thunderstorms. In an 
ordinary high wind the air may on some occasions be- 
come so charged with dust that objects can not be seen 
30 yards away. * * * 

In any physical explanation or mathematical examina- 
tion of dust raising by wind, it is opie to distinguish 
between two processes—(1) the raising of the dust from 
the ground and the consequent formation of a dusty sur- 
face layer of air, and (2) the ascent of dust from the sur- 
face to the higher layers. The first would seem to require, 
as a necessary condition, a relatively large transference 
of momentum to the surface dust from the air in contact 
with it. Hence, either (a) the surface layers must be 
moving exceptionally fast or (6) an unusually large 
amount of air strikes the ground at an angle, and on being 
deflected from its original direction transfers momentum 
to the surface air. In dust storms caused by high winds 


(a) is mainly operative; in dust columns and primary 
dust storms probably both (a) and (6) are of importance. 
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THE LOCAL DISTRIBUTION OF MONSOON RAINFALL. 


By Gupert T. WALKER. 


{Abstract reprinted from Memoirs of the Indian Meteorological Dept., Vol. XXIII, Part 
II, Calcutta, 1922.] 


Experience of the past 13 years shows that the formula 
of 1908 for forecasting the whole monsoon rainfall of 
India affords a useful indication in years when the cal- 
culated departure is 1’’ or over, which, on the average, 
form . bout half of the number of years. Investigation 
of the geographical distribution of rainfall leads to a sub- 
division of India into large homogeneous areas such as 
northwest India and the Peninsula, for which formule 
have been worked out, giving the total monsoon rainfall 
and that of August and September. The correlation co- 
efficients range from 0.57 to 0.73. Similar formule have 
also been developed for Upper Burma, Mysore, and 
Malabar. 


THE CALCULATION OF THE DEGREE OF CONTINEN- 
TALITY.! 


By Lapistas GorczyNskI. 
{Abstracted from Geografiska Annaler, 1920, H. 4, pp. 324-331.] 


The degree of continentality of a given station may be 
computed by means of the formula 


k =1.7 (A-12 sing) /sing 
= (1.7 A/sin¢) —20.4 


in which k& is the thermal degree of continentality in 
per cent, A the amplitude of the mean annual tempera- 
ture fluctuation and ¢ the latitude. The expression 
A =12 sin ¢ is found to be in good accord with observa- 
tions over the oceans. The constant, 1.7, is derived 
from the assumption that Werchojansk, in eastern 
Siberia, is representative of 100 per cent continentality. 
The amplitude of the annua] temperature variation is 
65.9° C., and the latitude is 67° 33’ N. 

Upon the basis of this formula, the author presents the 
geographical distribution of continentality, of which 
three degrees are distinguished: 


1 Sur le calcul du degré du continenialisme et son application dans la climatologie. 
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(1) Transitional maritime, in which k =0 to 33 per 
cent. 
(2) Continental, in which k =34 to 66 per cent. 
(3) Extreme continental, in which k =67 to 100 per 
cent. 
One advantage of discussing continentality from the point 
of view of this formula, as opposed to the direct use of the 
amplitude of the annual variation of temperature, is 
shown by an illustration. Considering only amplitude 
of temperature variation, the Sahara Thadort would fall 
in the same class as western Europe; whereas, computing 
continentality from this equation, the Sahara lies in 
wae (2) and (3) above, while western Europe lies 
in (1). 

The values thus calculated show resemblances both 
to the “‘isocontinentals”’ of Zenker and the ‘“ equidistants”’ 
of Rohrbach, but possess certain advantages over these 
earlier attempts at discussing continentality. 

The mean values of k& (per cent) for the several conti- 
nents are: 


30 (max. 50, Oural). 
Asia__........-.-. 58 (max. 100, Werchojansk). 
36 (max. 75, Sahara). 
North America with 

Greenland. _- 44 (max. 70, ¢ =66° N.). 
South America. 18 (max. 31, ¢ =30° S.). 
Australia... 32 (max. 55, interior). 


Antarctic Zone. __ _- 


40 (North Pole, 48). 
20 (South Pole, 26). 


For the Northern Hemisphere (continents and oceans) 
the value is 20 per cent; for the Southern Hemisphere, 
3 per cent. 

A comparison of the relation A =12 sin ¢ with observed 
values over extensive ocean areas shows computed values 
in close agreement with observation. In the Southern 
Hemisphere, A =9 sin ¢ seems to give better agreement. 
This, of course, would lead to a somewhat different value 
of k, but a series of comparisons demonstrates that the 
differences would not exceed 3 per cent, which is con- 
sidered sufficiently small. 

The author presents world maps of the distribution of 
continentality as computed by this formula and of the 
distribution of amplitude of annual temperature varia- 


tion.—C. L. M. 
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SOLAR OBSERVATIONS. 


SOLAR AND SKY RADIATION MEASUREMENTS DURING 
JULY, 1922. 


By Herserr H. Kopatt, In Charge, Solar Radiation Investigations. 


For a description of instruments and exposures, and 
an account of the method of obtaining and reducing the 
measurements, the reader is referred to this Revrew for 
April, 1920, 48:225. 

From Table 1 it is seen that direct solar radiation 
intensities averaged slightly above the normal for July 
at Madison, slightly below at Lincoln, and very close 
to normal at Washington. 

Table 2 shows that the total solar and sky radiation 
received on a horizontal surface averaged below the July 
normal at Washington. At Madison it averaged above 
the normal during the first and third weeks, and below 
the normal during the second and fourth weeks. 

Skylight polarization measurements made on seven 
days at Washington give a mean of 50 per cent with a 
maximum of 61 per cent on the 29th. These are close 
to average values for July at Washington. At Madison, 
measurements made on five days give a mean of 70 per 
cent with a maximum of 72 per cent on the 3d and 13th. 
The mean is above the average polarization for July at 
Madison. 


TaBLE 1.—Solar radiation intensities during July, 1922. 


[Gram-calories per minute per square centimeter of normal surface.] 


Washington, D. C. 


Sun’s zenith distance. 


| 
8a.m.} 78.7° | 75.7° | 70.7° | 60.0° | 0.0° | 60.0° | 70.7° | 75.7° | 78.7° — 
| 
Date. 75th Air mass. Local 
meri- 
dian 
time. A 
e 5.0 | 4.0 
cal. cal. 
0.48 0.61 
0.50 0.59; 
-| 
2.2 0.69 0.80 
0.56 0.67 0.78 1.15|(0.96) (0.76) (0.57)...... 
Departures.....|...... 02 —0. 02,—0. 04 +0. 06) +0. 04/+0.00 +0.00 
| 


TaBLe 1—Solar radiation intensities during July, 1922—Continued. 
Madison, Wis. 


Sun’s zenith distance. 


70.7° 


| 78.7° | 75.7° | 70.7% | 60.0° | 0.0° | 60.0° 75.7° | 78.7° [Noon 
Date. 75th | Air mass. _ Local 
meri- | mean 
time. A.M P.M. ‘time. 
e 0! 40/30] 20 20, 30/40! 50°) e. 


| 
Lincoln, Nebr. 

0.76, 0.89} 1.10)...... 1.01] 0.78 O.61)...... 11.38 
| | 0.81} 0.91) 1.08)...... 1.05) 9.88) 0.74)...... 10. 59 

1 3. 


1.02 0.83, 0.71...... 
08 —0.05 —0.04 


0.81) 0.88 1.06 1.25) 


| 
| | 


Departures. ....)...... | 


* Extrapolated. 


Tasie 2.—Solar and sky radiation received on a horizontal surface. 


| Average daily departure 


Excess or deficiency 
for the week. 


Average daily radiation. since first of year. 


Week | | 
beginning. | | | | 
| Wash-| Madi-  Lin- | Wash-| Madi- Lin- Wash-| Madi- | Lin- 
ington. son. | coln. |ington.| son. | coln. /ington.) son. | coln. 
cal. cal cal cal cal. | cal. | cal. | cal. cal. 
july 2.2... 452 —56 | —3094 | 
477 —21 —72 —3243 | —2048 |........ 
423 + 5/]........ | —3690 | —2016 |........ 


MEASUREMENTS OF THE SOLAR CONSTANT OF RADIA= 
TION AT CALAMA, CHILE. 


By C. G. Assor, Assistant Secretary. 
(Smithsonian Icstitution, Washington.] 


Notr.—Owing to delay in the mails the data from 
South America will be included in the August issue of 
the Review.—Epiror. 


| 
0.80 1.27) 1.07) 0.80] 0.74)......| 17.37 
| 


Juny, 1922. 


MONTHLY WEATHER REVIEW. 373 


WEATHER OF NORTH AMERICA AND ADJACENT OCEANS. 


NORTH ATLANTIC OCEAN. 
By F. A. Youna. 


The average pressure for the month was somewhat 
higher than usual at land stations on the Atlantic coasts 
of Canada and the United States, as well as in the Ber- 
mudas and Azores. It was nearly normal on the north 
coast of Scotland and slightly below in the southern part 
of England. 

From reports received the number of days with fog 
was apparently not far from the normal. 

July is ordinarily the quietest month of the year over 
the North Atlantic. While during the month under dis- 
cussion the number of days with winds of gale force was 
somewhat greater than usual off the coast of Great 
Britain, for the remainder of the ocean it was about 
normal. 

From the Ist to 4th moderate weather was the rule 
over the ocean, except for a disturbance of limited ex- 
tent in the vicinity of the British Isles, the storm area 
extending as far west as the 23d meridian. Storm logs 
follow: 

American S. S. Bremerton: 

Gale began on the Ist; wind SW. Lowest barometer 29.18 inches 
at 8 a. m. on the Ist; wind SW., in latitude 53° 37’ N., longitude 19° 


02’ W. End on the 2d; wind NW. Highest force of wind 8, WNW.; 
shifts SW.-W. 

Dutch S. 8S. Alkmaar: 

Gale began on the 3d; wind WSW. Lowest barometer 29.72 inches 
at 4a. m. on the 4th, wind W., in latitude 49° 38’ N., longitude 11° 
32’ W. End on the 4th; wind W. Highest force of wind 8; shifts 
WSW.-SSW.-S.-WSW.-W. 

American S. S. Bremerton: 

Gale began on the 3d; wind W. Lowest barometer 29.63 inches at 
8 a. m. on the 3d, wind W.. in latitude 50° 47’ N., longitude 24° 15’ 
W. End on the 3d; wind NW. Highest force of wind 8; shift N.-NW. 

On the 3d the American S. S. Gen. W. C. Gorgas en- 
countered a moderate northeasterly gale in the Carribbean 
Sea, while other vessels in the vicinity experienced mod- 
erate weather. Report follows: 

July 3, a. m., weather partly cloudy, moderate gale from northeast; 
heavy head sea, barometer 30 inches; p. m., similar weather. Green- 
wich mean noon position, latitude 14° 48’ N., longitude 75° 48’ W. 

On the 5th there was a disturbance central near lati- 
tude 47° N., longitude 15° W. Storm log: 

British 8. S. City of Weatherford: 

Gale began at 8 a. m. on the 5th; wind W., 6. Lowest barometer 
29.34 inches at noon on the 5th, wind W., 8, in latitude 46° 097 N., 
longitude 17° 49” W. End at 10 p. m. on the 5th; wind NW. Highest 
force of wind 8, NW.; shifts W.-NW. 

This Low moved rapidly eastward, and during the 

erlod from the 6th to the 9th, as shown on Charts 
VIII to XI, inclusive, a very severe disturbance, limited 
in area and intermittent in character, swept thesouthern 
coast of the British Isles. Storm logs: 

American S. S. Carplaka: 


Gale began on the 6th; wind S. Lowest barometer 29.11 inches at 
8 a.m. on the 6th, wind S., 8, in latitude 50° 58’ N., longitude 1° 08’ 
K. End on the 9th; wind NW. Highest force of wind 12; steady 
from 8. 


American 8S. Connes Peak: 

Gale began on the 5th; wind SE. Lowest barometer 29.03 inches 
at midnight on the 6th, wind SW., 9, in latitude 50° 10’ N., longitude 
2° 30’ W. End on the 9th: wind W. Highest force of wind 10, NNW.; 
shifts SE.-E.-SW.-NW.-WNW. 

At the time of Greenwich mean noon observation on 
the 7th there seemed to be a lull in the storm, as all 
reports received to date indicate moderate weather. At 


9304-—22——3 


the time of observation on the 8th, however, the wind 
was blowing with hurricane force, causing considerable 
damage not only to shipping but also on shore. 

While the storm area at Greenwich mean noon on the 
8th did not extend west of the 15th meridian, vessels 
near mid-ocean reported gales later in the day, as shown 
by the following storm logs: 

American S. S. Noccalula: 

Gale began on the 8th; wind SW. Lowest barometer 30.04 inches at 
8 p. m. on the 8th, wind SW., in latitude 47° 16’ N., longitude 28° 
47’ W. End at 11 p. m. on the 8th; wind SW. Highest force of wind 
8, SW.; shifts SW.-WNW. 

British S. S. Lackawanna: 

Gale began on the 7th; wind S. Lowest barometer 29.75 inches at 
8 a. m. on the 8th, wind SSW., in latitude 50° 40’ N., longitude 36° 
10’ W. End on the 9th; wind NW. Highest force of wind 8; shifts 
SSW.-SW.-WNW., slowly. 

By the 9th the force and extent of this disturbance 
had diminished considerably, although a moderate west- 


‘erly gale still occurred in the vicinity of the English 


Channel. 

The intensity of this storm was so great that the French 
liner Lafayette was obliged to return to port on the morn- 
ing of the 9th, after encountering such violent weather 
in the English Channel that the ship was flooded, the 
damage being so heavy that extensive repairs will be 
necessary. Storm logs follow: 

American S. S. President Polk: 


Gale began on the 8th; wind S. Lowest barometer 29.40 inches at 
1 a. m. on the 8th, wind 8., 5, in latitude 50° 01’ N.. longitude 5° 10/ 
W. End on the 9th; wind NW. Highest force of wind 9, WSW.; 
shifts S.-SSW.-WSW.-WNW.-NW. 

American S. S. Janelew: 


Gale began on the 9th; wind W. Lowest barometer 29.64 inches at 
12:30 a. m. on the 9th, wind W., 7, in latitude 51° 30’ N., longitude 
3° E. End on the 10th. Highest force of wind 8; steady from W. 

From the 10th to the 16th moderate weather was the 
rule over the entire ocean, with comparatively high pres- 
sure and slight gradients. 

On the 17th and 18th there was a disturbance over a 
limited area in the middle western section of the steamer 
lanes, as shown by following storm logs: 


British S. S. Valemore: 

Gale began on the 17th; wind SSE. Lowest barometer 29.60 inches 
at 4 Vi; m. on the 17th, wind SW., 8, in latitude 44° N., longitude 51° 
W. End on the 17th; wind NW. Highest force of wind 8, SW.; shifts 
SW.-NW. 

American 8S. S. Anacortes: 

Gale began on the 17th; wind NNW. Lowest barometer 29.88 inches 
at 6a. m. on the 18th, wind NNW., 8, in latitude 41° 42’ N., longitude 
45° 30’ W. End on the 18th; wind NNW. Highest force of wind 8; 
shifts W.-WNW. 

On the 20th there was a fairly well-developed Low 
central near Hatteras that moved slowly northeastward, 
as by the 21st it was in the vicinity of Nantucket. 
Storm logs: 

British S. S. Parima: 

Gale began on the 20th; wind SW. Lowest barometer 29.91 inches 
at 6 p. m. on the 20th, wind SW., 8, in latitude 36° 33’ N., longitude 
72° W. End on the 20th. Highest force of wind 8; shifts SW.-W.— 
WNW. 

American S. S. America: 

Gale began on the 2lst; wind SW. Lowest barometer 29.80 inches 
at 3 a. m. on the 2lst, in latitude 40° 50’ N., longitude 66° 35’ W. 
End on the 21st; wind NW. Highest force of wind 9; shifts SW.-NW. 

From the 22d to the 24th another period of atmos- 
pheric inactivity ensued, with light to moderate winds 
over the entire ocean. 
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On the 25th a Low of slight intensity and extent devel- 
oped near latitude 55° N., longitude 30 W.; this moved 
but little during the next 24 hours, the wind increasing 
slightly in velocity. Storm logs follow: 

ritish S. S. Siamese Prince: 

Gale began on the 25th; wind SSW. Lowest barometer 29.35 inches 
at 6 p. m. on the 25th, wind SSW.., 7, in latitude 55° 18’ N., longitude 
22° W. End on the 26th; wind W. Highest force of wind 9, W.; 
shifts W.by N.-W. 

British S. S. Kenbane Head: 

Gale began on the 25th; wind WNW. Lowest barometer 28.84 inches 
at 5 p. m. on the 25th, wind W., 8, in latitude 56° 15’ N., longitude 
30° 30’ W. End on the 27th; wind SW. Highest force of wind 10, 
W.; shifts WNW.-W. 

On the 26th the American S. S. Tivives encountered 
northeasterly winds of gale force near the coast of Colom- 
bia, as shown by the following report: 

Left Santa Marta, Colombia, at 10 p. m. on the 26th. Very heavy 
sea and wind of gale force. P.M. of the 26th wind and sea moderating. 
Position, Greenwich mean noon of the 26th, latitude 10° 46’ N., longi- 
tude 76° W. Barometer 29.88 inches. Wind ENE., 7. 

On the 30th and 31st there was a Low in the vicinity 
of Nova Scotia and Newfoundland, with light to moderate 
winds in the southerly quadrants, no reports having been 
received up to date from vessels north of the 50th paral- 
lel and west of the 50th meridian. 


NORTH PACIFIC OCEAN. 
By F. G. Tine.ey. 


Five typhoons occurred in the Far East in July—one 
from the 3d to the 9th, another from the 9th to the 13th, 
a third from the 23d to the 25th, a fourth from the 26th 
to 29th, a fifth from the 25th to 31st. Inasmuch as the 
last one of these storms continued into August, causing 
the destruction of Swatow on the 2d, its ispaty more 
prepesty belongs to that month. Ordinarily some three 
or four typhoons occur in July. 

The first of the typhoons appeared to the eastward of 
northern Luzon, near latitude 18° N., longitude, 126° E., 
on July 3. It moved almost due northward, the center 
passing near Okinawa Island on the 5th and traversing 
the Eastern Sea on the 6th and morning of the 7th. 
During the afternoon of the 7th it traveled along the 
eastern coast of Chosen and thence, on the 8th and 9th, 
into northern Manchuria. On the 7th this typhoon 
caused a heavy rainstorm in western Japan. 

The second typhoon was a small one which apparently 
formed to the westward of the Ladrones on the 18th. 
It moved in a westerly direction and passed over the 
Philippines on the 19th. Thus far little is known of its 
history. 

Details of the other typhoons of the month will appear 
in the August Review. 

Conditions over the eastern part of the Pacific were 
characterized by high pressure over the Aleutian area 
and more than the usual amount of fog along the northern 
steamer routes. In the region of the Aleutian Islands 
the highest pressure of the year ordinarily occurs in 
July. For the years 1912-1920 the average of the p. m. 
barometer readings at Dutch Harbor is 30.02 inches, as 
compared with 29.54 inches in December, the month of 
lowest pressure, and a yearly average of 29.76. The 
average for the present July was 30.15 inches. The 
highest reading, 30.56, occurred on the 11th and the 
‘ lowest, 29.66, on the 7th. 

At Midway Island, on the contrary, pressure was 


below normal by some 0.06 inch, the average of the p. m. 
i being 30.04. The highest reading 


barometer rea 
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recorded was 30.16 inches on the 22d, the lowest 29.86 
on the 17th. At Honolulu pressure was above normal 
by somewhat more than 0.01 inch. The highest reading 
was 30.11 on the 26th, the lowest 29.92 on the 13th. _ 

Aside from the influence exerted by the typhoons in 
waters of the Far East the month was characteristically 
quiet. Only on a few occasions did the wind reach the 
force of even a moderate gale. Of these perhaps the 
most interesting, on account of the region in which 
encountered, was the gale experienced on July 31 by the 
American S. 8. Pacific, Capt. William Mepham, durin 
a voyage from Honolulu to Panama. C. A. Martell, 
chief officer and observer, has submitted the following 
report: 

About 4:30 p. m. (L. M. T.) of the 31st, when in latitude 15° 05’ N., 
longitude 119° 01’ W., the eastern horizon began packing up with A. 
St. and Nb. clouds, wind ENE., force 4, barometer 29.81 (corrected). 
At 5 p. m. clouds increased to 6 with “‘scud”’ flying violently from E., 
wind increasing to 5-6, shifting to E. by N., barometer dropping. 
At 5:30 sky overcast with A. St. and Nb., wind shifting from E. by 
N. to E., to E. by S., to ESE. in a period of 10 minutes, force 7, violent 
and heavy rain. Barometer now reading 29.74 (lowest point), very 
rough, confused sea rising. At 6 p. m. wind dropped to force 2 and 
shifted to SE., clouds the same. At 6:30 clouds clearing, barometer 
rising to 29.86, wind SE. At 6:45 clouds 10 Nb., heavy rain, barometer 
29.84, wind SE., 2. At7:15 barometer 29.93, passing rains, wind SE., 
3, clouds Nb. 10. 

The weekly weather reports of the Imperial Marine 
Observatory, Kobe, show that anticyclonic conditions 
prevailed over the ocean area immediately to the east- 
ward of Japan until the 19th, the date of the latest 
report received. From the Ist to the 19th, with the 
exception of the typhoon of the first week, but three 
cyclones affecting the weather of Japan were charted, 
all continental in type. The first of these appeared in 
Siberia on the 3d, the second in Mongolia on the 12th, 
the third in northern China on the 17th. All three 
moved northeastwardly in the direction of Kamchatka 
and their influence was only slightly felt over the western 
portion of the steamer routes. 

Several vessels on the northern steamer routes reported 
an unusual amount of fog. The British S. S. Empress o 
Asia had continuous thick fog for 34 hours on the 25t 
and 26th. G.M.N. positions on those days, respectively, 
46° 39’ N., 169° 03’ E. and 48° 47’ N., 179° 56’ E. 

The American S. S. Alloway reports as follows: 

Dense fog, continuous from 9 p. m. July 2 to 3:14 a. m. July 4. 

July 5 and 6, passing fog banks, lasting 20 minutes each. 

July 7 and 11, continuous fog. Part of time dense, heavy fog; small 
portion of time passing banks. 

G. M. N. positions of the Alloway were as follows: 2d, 
41° 27'N., 151° 41’ E.; 4th, 45° 39’ N., 161° 40’ E.; 6th, 
48° 04’ N., 169° 28’ E.; 11th, 48° 59’ N., 164° 38’ W. 

The British S. S. Waitemata reports that from noon of 
the 2d to 9:30 a. m. of the 10th fog prevailed nearly all 
the time. When it lifted at times visibility was very 
poor and mist was always present. G. M. N. positions: 
2d, 43° 10’ N., 157° 49’ E.; 10th, 50° 22’ N., 157° 53’ W. 


SOUTH PACIFIC OCEAN. 


The British S. S. Waiduna, Capt. A. T. Norton, Ob- 
server H. A. Brockett, Wellington for Tahiti and San 
Francisco, experienced heavy weather on July 6 to 8, the 
wind reaching the force of a strong gale, accompanied 
by high seas. The lowest barometer, 29.64 (corrected), 
occurred at 4 a. m. of the 6th, in 35° S., 174° W., shifts 
E. to ESE. 


= 
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A LOOCHOOS AND JAPAN TYPHOON, JUNE 7 TO II, 1922. 


By Rev. Coronas, S. J. 
[Weather Bureau, Manila, P. I.] 


The only typhoon worth mentioning that visited the 
Far East during the last month of June was that which 
formed on the 7th over the northeastern part of the 
China Sea in about 116° or 117° longitude E. and 18° 
or 19° latitude N. It formed after several days of a 
low-pressure area extending from the China Sea to the 
Pacific across the Balintang Channel and northern Luzon. 

After the typhoon was formed it took a northeasterly 
direction, passing between the Batanes and Formosa in 
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the morning of the 8th and traversing the Loochoos on 
the 9th. The barometric minima as observed at Ishi- 
akihima and Naha were, respectively, 741.1 millimeters 
29.18 inches) at 3 a. m. of the 5th and 735.8 millimeters 
(28.97 inches) at 3 p. m. of the same day. 

The approximate positions of the typhoon at 6 a. m. 
of the 9th and 10th, respectively, were 125° longitude 
E., 24° latitude N.; and 130° longitude E., 27° or 28° 
latitude N. 

The weather maps of Tokio show the center over, or 
close to, the southeastern coast of Japan, south and east 
of Tokio, during the night of June 10 to 11. 


NOTES ON WEATHER IN OTHER PARTS OF THE WORLD. 


British Isles.-Unusually heavy gales for the season of 
the year have occurred over England during the early 
part of July, especially during the night of July 5-6, and 
the tempestuous winds were accompanied by torrential 
rains. On the southeast coast of England the wind 
attained the velocity of about 60 miles an hour, and at 
Kew Observatory the velocity registered 53 miles an 
hour. London experienced considerable interruption to 
telephone communication, and in the open country much 
damage was done to the fruit crops. A renewal of the 
stormy conditions occurred on July 8-9.— Nature (Lon- 
don), July 15, 1922. 

France.—Clermont Ferrand, July 17.—-Unseasonable, 
cold weather was felt to-day throughout the Auvergne 
reon. the thermometer registering 36° F. Snow was 
falling on the mduntains.—Springfield ( Mass.) Repub- 
lican, July 18, 1922. 

Switzerland.—Geneva, July 18.—Mountain climbing is 
temporarily impossible in Switzerland. Inhabitants are 
experiencing the coldest July in many years. Heavy 
snowfalls occurred yesterday at an altitude of 6,000 feet, 
which is less than halfway up Mont Blanc. Heavy rains 
fell in the lower altitudes, with cloudbursts in some locali- 
ties. The Rhine, which reached a low record last year, 
is now high and threatening floods.—-Binghamton (N. Y.) 
Morning Sun, July 22, 1922. 

India.—The Indian monsoon has been slightly stronger 
than usual and gives good promise for agricultural oper- 
ations. [Excellent rains have fallen over the greater part 


of the country and there are only a few regions, nutably 
Kathiawar, Cutch, and parts of the Punjab, where further 
rainfall is necessary. In some areas of the Deccan there 
has been about 1,000 millimeters of rain and the sun has 
scarcely been seen for weeks.— Meteorological Magazine 
August, 1922, p. 197. 

Japan.—Tokio, July 21.—The rice crop of Japan has 
already been severely threatened, owing to a prolonged 
drought. * * * This shortage. of water applies to 
virtually the whole country and Korea, and in some places 
there is even a shortage of drinking water.—Binghamton 
Morning Sun, July 22, 1922. 

Australia.—At the beginning of the month the tempera- 
ture at Melbourne fell as low as 32° F. and snow occurred 
as far to the northeast as Albury, on the River Murray. 
A message from Melbourne, dated July 31, stated that the 
highest flood waters experienced in 20 years were slowly 
moving down the Murrumbidgee River and had gradu- 
ally inundated the town of Wagga Wagga. Meteorological 
Magazine, August, 1922, rs 197. 

razil.—A stationary depression over the Province of 
Entre Rios, in the Argentine, at the end of June and 
beginning of July gave very heavy rains accompanied by 
gales. * * * 
The cane and cotton crops were still feeling the conse- 
uences of last month’s heavy rain, and wheat was 
slightly affected by the relatively high temperature.— 
Meteorological Magazine, August, 1922, p. 202. 


DETAILS OF THE WEATHER IN THE UNITED STATES. 


GENERAL CONDITIONS. 
By A. J. Henry. 


The outstanding feature of the month seems to have 
been the high monthly mean pressure that prevailed on 
both the Atlantic and Pacific coasts and in the northern 
Plain States. Pressure over the western North Atlantic, 
as at Bermuda, was exceptionally high, the mean for the 
month being 30.28 inches, the highest July mean recorded 
in 27 years. The temperature was very close to normal 
in all parts of the country, but the rainfall was irregu- 
larly diatgibuted, as may be seen from the small inset 
chart on Chart [V—Total Precipitation. 

Anticyclones were quite frequent in the upper Missouri 
Valley, but a large percentage did not advance out of that 
region; on the other hand, those which reached the Lake 
region continued to advance to the Canadian Maritime 
Provinces, and thence over the western portion of the 


Atlantic, reinforcing the semipermanent anticyclone over 
those waters. 


CYCLONES AND ANTICYCLONES. 
By W. P. Day, Meteorologist. 


There were few typical cyclonic disturbances. These 
for the most part were temporary developments along 
the axis of the larger troughs of low pressure which 
carried completely across the continent. Six of these 
troughs completely traversed the breadth of the United 
States during the month, averaging six days in crossing. 
An equal number of high-pressure crests persisted until 
they coalesced with the North Atlantic anticyclone. 
Offshoots from the North Pacific anticyclone moved in- 
land, but just as they were about to disintegrate over 
the Eastern Slope, the high pressure was reinforced on 


4 
gee 
. A 
— 
f fe 
° 
| 
{ 
| 
k 
F 
{ 


376 


the north by an Alberta, or farther east by a Hudson 
Bay anticyclone. The pressure-wave crest usually suc- 
ceeded in crossing the continent by this system of relays. 
The direct result of this succession of high and low 
pressure areas was a frequent alternation in temperature 
over northern and central districts. 


| | | | | 
| as North outh Colo- E South | 
ones. | ‘a-  Pa- | Rocky | Texas | At- ia 
7 berta.| cific. | cific. | Moun-| "840. | Gulf. _ lantic.| tral 
tain. | 
| | 
Average number | | j | 
1892-1912, inciu- | 
07] 03] 05! 09) 0.2 | O21) G1) 10) 86 
| 
| Plateau | | 
| h | Al | 
= North South | Al- Rocky udson, 
Anticyclones. Pacific.) Pacific.) berta. | Moun- | Bay. | Total. 
| tain | 
region. | 
| | 
Average number 1892-1912, in- | | | 
1.3 0.3 3.0 | 12} O8! 66 
| 


FREE-AIR CONDITIONS. 
By L. T. Samvets, Meteorologist. 


Mean free-air temperatures for the month (Table 1) 
showed a general tendency, with increase in elevation, to 
approach average conditions. At the surface and lower 
levels, however, all the departures were negative, and 
closely conformed in amount with those shown in Climato- 
logical Chart III. It will be noted that at Drexel and 
Royal Center, the regions having the largest departures, 
these were all negative from the surface to the highest 
level, while at the other four stations the sign was reversed 
and positive departures were found in the higher levels. 
In general, where the negative departures at the surface 
were smallest the positive departures were found nearer 
the surface accordingly. 

The mean relative humidities were in general inversely 
arene to the temperatures as regards departures 
rom the average, a condition to be expected. <A pro- 
longed dry spell occurred in the upper levels at Groesbeck 
from the 9th to the 12th, inclusive, when a rather strong 
low-pressure area central to the north of Groesbeck caused 
steady and deep southwesterly winds with resulting low 
relative humidity. Values from 14 to 20 per cent were 
reported from the 2,000-meter to 3,000-meter levels dur- 
ing this entire period, whereas the average values for these 
levels are 52 and 54 per cent, respectively. 

Vapor pressure departures conformed in general to the 
temperature departures with the greatest negative values 
occurring at Drexel, where it will be noted negative tem- 
perature departures were largest. 

In Table 2 are given the resultant winds for the month, 
and it will be noted that these correspond quite closely 
to the average values. At Drexel, where the largest 
negative temperature departures occurred, will also be 
found a much smaller southerly component in the resul- 
tant directions than normally. Only a few observations 
showed wind velocities exceeding 30 meters per second, 
and these are given in the following table: 
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Stations. Date. Direction. | Velocity.| Altitude, 

mM, 8. m. 
Le 12 | NW......... 34 9, 100 


All of these were pilot-balloon observations. The kite 
flight at Royal Center on the morning of the 7th indicated 
high winds aloft, but the kites were beaten down at 2,000 
meters, where the velocity was 29 meters per second. 
Southwest storm warnings were displayed on the Lower 
Lakes at 10 a. m. that morning, and because of the quick 
movement of the storm the warnings were ordered down 
the following evening. 

During the late afternoon and night of the 13th an un- 
usually severe electrical storm occurred at Washington, 
D. C., the rainfall totaling 3.37 inches, of which 2.79 
inches fell within one hour. Examination of the free-air 
observations in connection with this storm reveals the 
interesting and significant fact that differently directed 
air currents prevailed over this section of the country at 
and previous to the time of the storm. The surface 
weather map showed this region to be under the influence 
of a low-pressure trough, lying between two adjacent 
high-pressure areas, a condition suitable for over and 
under running currents of air. 

Pilot-balloon observations on the afternoon of the 13th 
at Bolling Field and Washington, D. C., showed northerly 
winds at the surface, changing through the west to 
southerly at about 1,500 meters above. Stations to the 
south of those named above, however, viz, Camp Bragg, 
N. C.; Langley Field, Va.; and Lee Hall, Va., had south- 
erly winds extending from the surface to the upper levels. 
Dahlgren, Va., situated between Washington, D. C., and 
Langley Field, Va., reported northerly winds from the 
surface to 1,500 meters—the highest level reached. The 
movement of both the lower and upper clouds at this 
station, however, was from the south or southwest. Thus 
it is evident that a southerly current was overrunning a 
northerly one, the former extending obliquely from the 
surface at some place south of Dahlgren and north of 
Langley Field. The 3 p. m. pilot-balloon observation at 
Washington, D. C., showed this southerly current to be 
about 1,500 meters above the surface. At Aberdeen, Md., 
to the north of Washington, this current was not ob- 
served, although the balloon was followed to an altitude 
of 3,000 meters. Furthermore, the Ci.-St. clouds at this 
observation were reported as moving from the NW. 

This condition, i. e., a cool northerly current under- 
running one of higher temperature, and the latter prob- 
ably being very humid, undoubtedly contributed largely 
toward the production of excessive condensation. it is 
very probable that in view of the apparent steepness of 
the slope of this southerly current, the opposite northerly 
one cut and overran the one from the south, thereby pro- 
ducing favorable conditions for strong convection in these 
higher levels and terminating in a thunderstorm. Such 
an unstable condition would be accelerated because of the 


latent heat liberated by the condensation taking place in 
the moist layer of air from the south. 
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On the morning of the 12th the weather map showed Taste 1.—Free-air temperatures, relative humidities, and vapor pres- 


the surface isobars to be widely separated in the eastern sures during July, 1922. 
section of the country and conditions were favorable for TEMPERATURE (°C.), 
high pilot-balloon soundings. The balloon at Washing- 
ton, D. C., on the morning of this date was observed for Broken Royal 
Drexel, | Due West, | Ellendale, | Groesbeeck,| 
114 minutes and reached an altitude of 20,000 meters. Nebr.” 8.C. "| N.Dak.’ | Tex. 
The record appears trustworthy and has been accepted as 
substantially correct. The wind direction was southerly = Ait 
from the surface to 10,000 meters, above which it was = — ni De a De- De- 
easterly to the highest level observed. The velocity of tare {Uf latean,| |afean,| tute ture 
the southerly wind averaged only 3 or 4 meters per sec- 
ond, but as soon as the upper easterly was encountered the age. age. age. age. age. age. 
wind speed increased accordingly to about 10 meters per tf aa “4G 
second, falling off again to nearly calm at 14,000 meters Surface.) -1.3) 21.9) —3.0 26 
and increasing again to 16 meters per second at 19,000 500....... 24.6 21.0 24.9 +0.3} 30. i| 23:9] ~0.1| 20.7) 
meters. This upper easterly wind was also reached 22:4 40:3) 186] 214] 40:3] 
On the mornings of the 28th and 29th altitudes of 2,000... 16.7) 13.9] 1.7) 14.5) 40.1 12.5 17.1] +0.9 
Broken Arrow, Okla. Both were made with a single $2) +18) 30) 4.4) 5.1 40.6) a5 
theodolite. There was a nearly calm condition of the 4/500... ~1.7| —0.7} —1.8) —0.4) 1.4) 
the 28th and between 3 kilometers and 14 kilometers on nis saan eu 
the 29th. On the 28th the velocity increased gradually vat 4 
above 12 kilometers, but from 23 kilometers the record is Sag ] | 
. Surface..| 71) +6 71) +1) 70 +3 
very likely in error and the balloon probably became | al 76] 
leaky, causing an apparent sharp increase in velocity to @ t8 x} 
1,250..... 59) —6 62) +3 75) —1 63, +4 62) —3 70, +5 
meters was northerly. A double-theodolite observation 1500.22: 61] +3) 741 + 70, +5 
a long run, so that more credence might be placed in the 3,00... 47} —8 47, 76, +2) 61) +11) 54) 52) 42 
3,500..... 35) 48 —5| +2) 62 +10, 52 +45 
respective altitudes, and therefore another observation 33) —15] 47] —4) 63 +42) 411] 67] +10 
was with two theodolites, but this was ended when 
the balloon burst at 14 kilometers. To this height the | eva very | 
ascensional rate of the balloon was found to corres ond VAPOR PRESSURE (mb.). 
beautifully with the assumed rate in the single-theodolite ft 
observation. On the 29th the direction above 14 kilo- Surface..| 24.96)-+0.44 25.08 +0.27, 16.49—0.85| 25.53~0.94 18. 6210.07 
| 24.65/+0.39)...... | 24.66 —0.68, 18.42} 93 
meters was northerly. 20.59\—0. 47)" 17/53 21.90 15:900. 77, 22.24 —0. 44) 16. 46|—0. 84 
Easterly movement of the atmosphere above 10,000 19.99) +0.07) 14.3118. 46) 14. 
5.76 —1.21) 13.90 —1. .55/+0.11 12.94/+0.13, 16.81 —0.40, 13.470. 
meters was observed as follows: 1250... 14.31)—1.01| 17.11.40.18 11,68.4.0.23) 14.75 12. 
Station 1,500. .... 13.07|—0. 59) 11.33}—1. 18) 15.16 +0. 17, 10. 80, +-0. 72| 12.99 —0.80 10.94 —0.46 
900... .. -77|—0.50)  5.13,—0.95, 8.29 +4+0.27, 6.65)4+1.15) 7.29—0.25 4.38 —0.21 
Broken Arrow, Okla............... 15, 24, 25, 28, 29. 3,500..... 3.40|-1.21) 4.30 —0.50 6.1140.27' 6.04+1.30 6.09 —0.07 3.97/+6. 39 
11, 25. 4,000..... 2.19/—1.17) 4.35 +0.27, 5.44/41.51) 5.97+0.72) 3.63.41.02 
Rockwell Field, Calif.............. 12. 
San Francisco, Calif............... 10. 
TABLE 2.—/'ree-air resultant winds (m. p. 8.) during July, 1922. 
| 
| Broken Arrow, Okla. Drexel, Nebr. | Due West, S.C. Ellendale, N. Dak. Groesbeck, Tex. Royal Center, Ind. § 
(233m.) (396m.) (217m.) (444m.) (141m.) 
Altitude, | 
aS | Mean. Average. Mean. Average. Mean. Average. Mean. Average. Mean. Average. Mean. Average. 
| § 
Dir. |Vel.| Dir. Ive) Dir. Dir. |Vel. Dir. |Vel. Dir. |Vel.| Dir. {Vel} Dir. |Vel.| Dir. |Vel| Dir. |Vel.) Dir. |Vel.| Dir. |Vel. 
3. 3° W. | 3.3)8.2° E. | 1.7/S.1° W. 2.2 8. 62° W.| 2.7|S.62° 2. 4)N.68°W.) 1.5/8. 89° . 21S. 23° W. ° 
| | 2.5/8, 4° W. | 3.0S,62° 4. 1/8,65° 3.1/N.80°W.| 1.3/8. 34° 0.4'S.41° 7.7/8. 33° W.| 6.18. 55° W.| 6.518. 73° W.| 3.0 
4.3/8. 22° 4.88.22° W. 3.3/8. 18° W.| 4.1.S.60° 4.3/8. 78° W.| 3.4/8. 71° W. 2.1/S.27° W. 1.1/8.42° 7.7/8.35° 6.28.53° 4.1 
« 4, 2)S. 29° W.) 4. 78. 42° W.) 3.5|S. 27° W.! 4.5.8. 74° W.! 4.5/8, 80° 3.9/8. 75° W.| 2.5/8. 49° W.| 1.7/8. 43° W.| W.| 5.8. 62° W. 8 5S. 77° 4.6 
1,250. ......|8. 83° W.| 3.9)8. 38° 4.6/8, 49° 4. 5)8.37° W.| 4.68. 77° 4.6/8. 82° 3.7/8. 85° 2.918. 63° 2. 218. 45° W.| 7. 1|8.37° 5.518.679 9. 4|S.81° 5.4 
W.| 4.5)8.37° W.) 4.7/S.62° 4.5)8.43° W.) 4.58.81° W.) 5.5)8.89° 4.3/8. 86° W.! 3.7/8. 71° W.| 3.18.47° 6.0)S.35° W., 5.4.8. 71° W.10. 2/8. 86° 5.7 
2,000....... S. 53° 4.3]. 35° 4.08. 86° 5.618. 57° W.) 5.08.85° 6.3/8.87° 5.2/N. 70°W.| 5.918. 85° 4.6S8.51°W. 4. 4.38. 73° W_10,88.86° WI 7.2 
4.9/5. 38° 4.3/N. 84°W., 7.2/5, 71° W. 5.8 8.85° W.) 6.3/8. 85° 82°W.| 7.7/N. 85°W.| 6.68. 53° W.| 3.6/8, 33° W., 3.7/8. 75° W. 14.518. 88° W.| 9.9 
3,000. . -/8. 6: .| 5, 818. 47° W. 5 9. 4)S. 72° W 6.78. 83° Ww. 6. 81° W.| 7.91N. 88°W.| 9. 86°W.) 8.58.49° W.) 3.3/8, 24° 3.618. 84° W. 15. 84° W.|12. 4 
8,500. ......'8. 78" W.) 6.88. 57° 5.0.N. 318, 74° W.| 7.6 8. 83° W.| 6.5)8.85° 7. 87°W. 10. S/N. 80°W. 11.08. 18° W. 2.7/8. 2° E. | 2.5/N. 89°W.i14. 31S, 80° W112. 4 
4,000. . 8.620 W 10. OS. 31° W. 7. 79°W. 73° W. 7.2 N. Wil he 83°W.)10. 75°W..10. 8S. 24° 5.7/8. 10° E. | 0.9)N. 45° W .|16. 5 N.70°W.| 8.0 | 
21 8. SIN. 918.622 W. 8.0, W. N. SL°W. 12. 70°W. N. 45°W.16. 7.8 
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THE WEATHER ELEMENTS. 
By P. C. Day, Climatologist and Chief of Division. 
PRESSURE AND WINDS. 


duly, 1922, was, on the whole, free from notable at- 
mospheric disturbances, and pressure conditions were 
remarkably uniform. The monthly averages were every- 
where above normal, though not by any large values, 
and, compared with the preceding month of June, they 
were likewise higher by substantial amounts in all dis- 
tricts. 

As is usual in the summer months, the pressure was 
highest over the South Atlantic and North Pacific coasts, 
but the mid-continent depression, common to the sum- 
mer season, was less pronounced than usual. 

The cyclonic disturbances were mainly weak, and, while 
discernible on the daily weather maps, only occasionally 
and for short periods assumed definite and important 
proportions. Likewise, anticyclones were usually weak 
and seldom pursued other than the more northerly 
courses in their eastward progress across the country. 

On account of the slight filling up of the interior low 
area as compared with the normal, the barometric gradi- 
ent between this and the normally high pressure during 
the summer months over the Southeastern States was 
less than usual. As a result, the tendency to southerly 
winds over the districts east of the Rocky Mountains was 
less pronounced than normal. On the whole, though, 
these winds were usually dominant in the districts 
referred to above, save along the immediate northern 
border, where they were mainly from the north. In the 
far Western States, the wind directions, though modified 
greatly, as usual, by topography, were nevertheless con- 
trolled by the high pressure over the Washington and 
Oregon coasts, giving them a trend from the northwest 
over the adjacent States, while in the Colorado Valley 
low pressure induced the usual circulatory winds over 
adjacent regions. 

Along the central California coast, where strong north- 
west winds usually prevail during July, there was a not- 
able absence of such winds during the current month, 
and light south to southwest winds prevailed for unusual- 
ly long periods. 

Local high winds, mostly associated with thunder- 
storms, occurred on numerous dates and in many locali- 
ties, but few covered extensive areas. A list of the more 
important of these follows at the end of this section. 


TEMPERATURE. 


There were few marked features attending the tempera- 
ture conditions existing during the month, save possibly 
the usually small extent of the daily fluctuations above 
or below the normal. The principal exception to this 
was in connection with the cool wave that extended over 
the central and southern districts during the 4th to 6th, 
at which time there were sharp falls in temperature and 
minimum readings as low as, and in a few cases lower 
than, previously observed in July were reported. 

The first few days of the month were, on the whole, 
warmer than normal in the far West and over most 
eastern districts, and generally cooler than usual over the 
central districts. The period from the 5th to 11th, in- 
clusive, was mainly cool from the Rocky Mountains east- 
ward, particularly over the northern Great Plains, but 
there was continued warmth in the far West. 
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For the period 12th to 18th, inclusive, temperatures 
continued mainly higher than normal in the far West, 
attaining the highest values of the month about the 14th 
and 15th, when a temperature of 126° was observed in 
the desert region of California, and temperatures as high 
as ever observed in July were reported from southwestern 
Utah. From the lower Mississippi Valley northwest- 
ward to Montana and the Dakotas this period continued 
cooler than normal, while over the eastern and southern 
districts moderate temperatures were the rule. 

The last decade of the month had no great departures 
from normal, but it was mostly cool in the far West, 
warm in the Rocky Mountain region, and variable in the 
districts to the eastward. 

For the month as a whole, the average temperatures 
were below normal throughout the Great Central Valleys, 
most eastern districts, and over the middle Gulf States. 
They were well above normal over Texas and the far 
Southwest, the central valleys of California, and the 
central and eastern portions of Washington and Oregon. 
There were also smail areas of the South Atlantic States 
and portions of New England and the adjacent Canadian 
Provinces that had averages for the month slightly above 
normal. 

The warmest periods of the month were not confined 
to particular dates for extensive areas, and occurred in 
all parts of the month. The highest observed tempera- 
ture was 126°, in southern California, and temperatures 
of 100° or slightly higher were reported from all except 
the Northern States. The lowest temperatures of the 
month were confined to a few periods, mainly from the 
3d to 7th over most central and southern districts, and 
during the last decade in the far West, and over the 
Northern States. 

Minimum temperatures of 32° or lower were observed 
in most of the mountain States, and in portions of the 
upper Lake region, damaging frosts being reported from 
extreme northern Michigan in the early part of the 
month. 


PRECIPITATION. 


Rainfall was frequent, and in many instances heavy, 
over most districts from the Rocky Mountains eastward 
during the first two decades of the month, and there 
were local heavy falls during the last decade in portions 
of the South Atlantic States and the lower Missouri 
Valley. 

As is usually expected in a summer month, precipita- 
tion was mostly from thunderstorms, and the daily and 
monthly totals varied greatly over adjacent regions. 

In the main, precipitation was sullicient for current 
needs over all regions where rainfall may be expected in 
July, and the amounts were mostly above normal over 
the interior States from the Rocky Mountains eastward 
and along the Atlantic coast from South Carolina to New 
Jersey. There were also liberal falls in Montana and 
portions of the Plateau regions. in portions of the 
central valleys, and locally elsewhere, the precipitation 
was extraordinarily heavy, notably in northwestern Mis- 
souri, where amounts in excess of 10 inches fell in less 
than 24 hours on the 10th and 11th, and in portions of 
Kansas, Michigan, and Virginia, where the month’s falls 
were the greatest of record for July. On the other hand, 
a few localities, where liberal rains may be expected in 
July, had far less than normal, notably at Burlington, 
Vt., where the month was the driest known for July, and 
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RELATIVE HUMIDITY. 


was about the same. 


SEVERE LOCAL STORMS. 


[The table herewith contains such data as have been received concerning severe local storms that occurred during the month. A more complete statement will appear in the 
annual report of the chief of bureau.) 


The relative amount of moisture in the atmosphere was 
not materially different from the normal condition, al- 
though in the main the regions with an excess of precipi- 
tation had likewise higher than average relative humidity 
and the areas of most deficient precipitation had less, 
though there were marked exceptions in both cases. In 
general, the greatest excess was in the Missouri Valley, 
where it ranged up to 10 or 12 per cent, and the greatest 
deficiency in the far Northwest, where in some cases it 


| | 
| Value of 
| Width of | Loss | 
Place. Date. | Time. | path | of | Remarks. Authority. 

| (yards). | life. | stroyed 
| 

Thunderstorm ....| Battery of 30 or 40 oil tanks struck by ligh ..| Dallas Morning News (Tex.). 

‘ | = Official, U. 8. Weather 

ureau. 

MGs $4,800,000 | Electrical......... Fires started by lightning burn 2 elevators | Official, U. S. Weather Bu- 

| and 2 piers of the Baltimore & Ohio R. R. Co. reau. 

and Union Counties, Trees, corn, and poles blown down.............. Do. 

Ardmore, Thunder and | Valuable shade and fruit trees uprooted, and | Dallas Morning News (Tex.). 

| | wind. buildings heavily damaged. 

Pittsburgh, Pa............... Thunderstorm....} Streets and cellars flooded; car service inter- | Official, U. S. Weather 

| rupted by accumulation of débris. Bureau. 

Washington, D.C............ | Wie Minor damage done by falling trees............. Evening Star (D. C.). 

Hlestem, Mont... 20,000 | Tornadoand hail..; Damage to business houses, residences, and | Harlem News (Mont.). 

| crops; small live stock killed. 

Heath Springs, 8. C.......... 2,000 | Electrical......... Warehouse and contents destroyed by lightning. . U. 8S. Weather 

ureau. 

Pueblo, Colo., and vicinity. . .| trees, and overhead wires damaged | Pueblo Chieftain (Colo.). 

y wind. 
Dodge City, Kans............ Damage to uncut wheat, farm buil and | Official, U. S. Weather 
a | j implements, plate glass windows, and trees: Bureau. 
| | | heavy loss sustained by telephone and power 
| compantes; 1 person injured. 
uarter of). 

Lake Andes, 8. Dak. (shores | 775,000-| Tornado.......... Summer resorts on shores heaviest losers; vil- | Press and Dakotan (Yank- 

of). | | | 800, 000 lage of St. Charles practically destroyed; ton, S. Dak.). 
| _ many persons seriously injured. 

Bonetraill and Squires, N. | 8 | Rain and hail..... Total and part losses reported by large number | Williams County Farmers 

ak. | } | | _ of farmers. Press ( Williston, N. Dak.). 

York, N. Y., and vicin- | Thunderstorm. . pie down; number of cellars | Herald (New York). 

y- | | in Jerse 

Gregory and Charlesmix| 8-10 | 3 3,000,000 | Thunderstorms | Severe general heavy loss in live stock; | Daily Journal and Evening 
Counties, S. Dak., and | | | and tornadoes. | many persons injured. Post (Chicago, Ill.). 

Knox County, Nebr. | 

Stoughton, Wis., and vicinity A score of tobacco sheds blown down, trees dam- Times (Madison, 

| | aged, and the electric light line out of commis- is.). 
| sion. 

Carroll and Rockland Coun- Electrical, wind, | Heavy damage to street car and telephone lines; | Official, U. S. Weather 
ties, Il., and Scott County, | | | and rain. crops also agp ew | damaged; streets and Bureau; Moline Dispatch 
Towa. | | | country roads flooded. Damage in Baven- (Iil.). 

| port estimated at $4,000. In Carroll -— 

| | j were damaged to the extent of $50,000 to 

| | $100,000. In Moline the damage is thousands 
of dollars. 

Lone Stat, | 25,000 | Electrical......... Warehouse and contents damaged by lightning..| Official, U. S. Weather 

ureau. 

Menominee Mich., 9 Severe damage to crops, farm buildings, and | Menominee Herald Leader 
and Marinette, is. | ee damage estimated at thousands (Mich.). 

of dollars. 

2 25,000 | Wind and rain....) Damage to wires, trees, and crops; several per- | Official, U. S. Weather 

sons injured. Bureau. 

Napoleon, Ohio.............. |. Thousands of dollars damage to crops and trees; | Times (Toledo, Ohio). 

j | child killed by limb. 

Fort Wayne, Ind............ Wind and rain....| Overhead wires, trees, etc., heavily damaged... . U. Weather 

ureau. 

ning. 

| streets and basements flooded. 

Waterloo, | ve Several barns destroyed, trees and wires blown Do. 

down, and windows broken. 

Livingston, Ford, and Iro- 71,000 |..... do............| Much damage tocropsand property............. Official, U. S. Weather Bu- 
quois Counties, il. reau. 

Kansas City, 35,000 | Thunderstorm....; More than 8,000, telephone and electric light poles Do. 

down, 25 street cars stalled, streets and base- 
ments flooded. 

Swansea, S.C. (near)......... 2,000 | Electrical......... Barn and contents damaged by lightning......... Do. 

Newton, Kans., and adjacent Wind, rain, and damage in oil fields; some property dam- | Wichita Beacon (Kans.). 
kre 4 hail. aged ; $500,000 in oil fields. 

Wichita, Kans., and vicinity. Wind and rain.... ~ to property, trees, wires, and Do. 

orchards. 
El Dorado, Kans............. ODL do. Oil companies heaviest losers, 650 rigs leveled; Do. 
lines of communication out of commission and 
crops damaged. 
Subways, basements, and streets flooded; car | Evening Post (Chi , Til.); 
service crippled. Official, U.S. Weather Bu- 
reau. 
\io). 
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Severe local storms—Continued. 


Juny, 1922 


Width of Loss | Value of 
th | of 


Place. Date. Time. ot | erty Stars. Remarks. Authority. 
Weymouth, Conn............ | & Rain and electrical) Buildings and trees slightly damaged. ........... | Times (Hartford, Conn.). 
Suffield, Conn................ | Rain and wind....| Damage to buildings by lightning; 1,000 acres of 
| | _ tobacco damaged by rain. 
New York, N. Y., and vi- Thunderstorm. Considerable property destroyed, cellars flooded, | Herald (N. Y.). 
cinity. } | | | _ streets and car tracks inundated. | 
Denver, Colo, (mear).........- & $30,000 damage to Fitzsimons Hospital; other | Denver Post. 
| minor damage. } 
East central South Carolina. $43,500 Electrical......... Buildings damaged by fire caused by lightning; | Official, U. S. Weather Bu- 
| | 2 dairy cows killed. | reau. 
Bon Homme County,S. Dak., | Wind, hail, and | Buildings and crops damaged................... | Press and Dakotan (Yank- 
and Knox County, Nebr. | i | electrical. | | ton, S. Dak.). 
west of). } 
| Windandrain..... Buildings blown down, windows broken, and Post (Washington, PD. C.). 
| | lines of communication crippled. j 
Telegraph and telephone wires down; consider- | Do. 
| able damage to crops. 
Lancaster, Mo. (near)......-.-- 1,000 feet of railway track washed out; crops | Official, U. S. Weather Bu 
j damaged. | reau. 
Downingand Amroret, Mo....) 16-17 Electrical and rain eres by lightning and burned; crops Do. 
do maged. 
New York, N. Y., and vi- Traffic tied up by floods, some property demage, | Tribune Y.). 
cinity. | and several persons injured; damage on Staten 
| Island estimated at $75,000. 
Centraland western Maine... . | Electricalandrain General damage done by lightning and floods: | Evening Express Advertiser 
j i traffic delayed; 1 man killed by lightning at | (Portland, Me.). 
| Freeport. } 
{ cars held up. 
Thornton, Tex., and near.... tls Wind and rain....) Several houses blown down, windows shattered, Pensacola News (Fla.). 
aud communication cut off. 
| | | j basements in business section. Bureau. 
Omaha, Nebr. (near)......-..- Electrical, wind, , Telephone and telegraph service crippled; trees | Evening Post (Chieago, Il.). 
| i and rain. only blown down. | 
Macon, 22 Electrical and Moderate damage to property and shade trees... U. Weather 
rain. } | ureau. 
Electrical, wind, | Many shade trees blown down and some propert Crittenden Press ( Ky.). 
| and rain. damage. 
Monroe, Perry, Randolph, Trees uprooted, fruit shaken from trees, and Official, U. 8. Weather 
and St. Clair Counties, TH. } i | other slight property damage. Bureau. 
Evansville, Ind.............- | Damage to crops, overhead wires, ete............ Do. 
| | Electrical and Streets and sidewalks washed out, basements Do. 
rain. | flooded; public utilities suffer. Evening Bulletin (Provi- 
dence, R. I.). 
| Brrean. 
Wind and thun-| Street signs blown down and school building Do. 
j derstorm. damaged by lightning. 
| 25-30 |... Electrical... ....... Some live stock killed, and a number of barns Do. 
and Morgan Counties, Ili. | | | i fired by lightning. 
Edgecombe County, N.C.... Damage to crops over considerable area......... Do. 
Western Massachusetts. ...... Heavy property damage; public utilities crip- Union (Springfield, Mass.). 
wind. 
Williston, N. Dak. (near)... Aates of crops destroyed from 25 per cent to total. Williams County Farmers 
j Press (Williston, N. Dak.). 
Cohumbia, Me.. Thunderstorm.... Public utilities crippled and much properiy Official, U. S. Weather Bu- 
damaged; several persons injured; damage reau. 
° | occurred over 100 square miles. 
Charles City, Towa (10 miles | 1,000 Tornado. ......... About 38 acres of oats ruined: farm houses and Do. 
NE. of). machinery damaged. 
Columbus, Ohio (E. and 100,000 Thunderstorm, Buildings unroofed, telephone poles down, and Enquirer (Cincinnati, Ohio). 
of). wind, and hail. much damage to crops: three girls injured. 
.. Wine rain, and Some damage to growing Official, U. Weather Bu- 
ail. reau. 
Dunkirk to Richmoud, Ind. Some property damage and corn aud oat crops Do. 
| injured. 
Do. 


STORMS AND WEATHER WARNINGS. 
WASHINGTON FORECAST DISTRICT. 


No storm warnings were issued during the month, as 
there was little activity in the movement of areas of low 
pressure. However, small-craft warnings were issued for 

ortions of the Atlantic coast north of Cape Hatteras as 
ollows: Ist, Delaware Breakwater to New London, 
Conn.; 2d Baltimore, Md., to Boston, Mass.: 6th, Rock- 
land, Me., to Eastport, Me.; 8th, Norfolk, Va., to East- 
ort, Me.; 20th, on the New Jersey coast; 23d, Baltimore, 
Md., to Portland, Me.—Charles L. Mitchell. 


CHICAGO FORECAST DISTRICT. 


The month of July in the Chicago District, so far as 
special warnings are concerned, was comparatively 
eneventful. 


On the 7th, at 10 a. m., southwest storm warnings were 


ordered displayed for the Lower Lakes and northwest 
warnings on Huron and Eastern Michigan. As the storm 
passed to the eastward with moderate intensity, the 
ensuing winds were mostly in the shape of thunder- 
squalls, with velocities ranging from 36 to 44 miles an 
hour on Lakes Huron and Erie. Because of the quick 
movement of the storm, the warnings were ordered down 
the following evening. 

No frost occurred in any section and no general frost 
warnings were issued. 


Advisory messages were continued during the month 
in the form of daily fire-weather forecasts, to the district 
forester at Missoula, Mont.; and special forecasts for 
three days in advance were sent daily for the benefit of the 
fruit growers in Door County, Wis., in connection with 
their spraying operations... J. Cor. 


i 
4 
i 


1922. 
NEW ORLEANS FORECAST DISTRICT. 


Quiet weather conditions prevailed and no storm 
warnings were issued or required. Small-craft warnings, 
displayed on the central coast of Texas on the 9th, were 
justified.—R. A. Dyke. 


DENVER FORECAST DISTRICT. 


No special warnings were required or issued during the 
month, except fire-weather warnings which were dis- 
tributed for the entire district on the evening of the 7th, 
when an area of low barometric pressure of consider- 
able intensity was central in Montana and northern 
Idaho. On the morning of the 8th a maximum wind 
velocity of 42 miles per hour was reported at El Paso, 
and on the evening of the same date 30 miles at Albuquer- 
que and 44 miles per hour at Cheyenne. The highest 
wind velocities for the month at Denver and Grand 


Junction, 38 miles per hour, also occurred on the 8th.— 
Frederick W. Brist. 


SAN FRANCISCO FORECAST DISTRICT. 


All storms from the North Pacific during the month 
moved inland at a high latitude and did not materially 
affect the weather in this district. 

Thunderstorms occurred in the Sierra Nevada and 
Plateau region from the 4th to the 6th, and again from 
the 17th to the 23d. 

On the 2d the temperature at Roseburg, Oreg., reached 
104°, equaling the record for the month at that station. 

A peculiar feature of the month was the absence of 
northwesterly gales along the central California coast. 
Usually these are of nearly daily occurrence at Point 
Reyes, but this month, instead of strong northwesterly 
gales, light south to southwest winds prevailed for days 
at a time. The observer informed me he could find no 
similar record for so many consecutive days in July. 

Fire-weather warnings were issued in northern Cali- 
fornia on the 14th and 26th, and were verified.—G. H. 
Willson, 


RIVERS AND FLOODS. 
By H. C. Frankenrie.p, Meteorologist. 


Moderate floods occurred in the rivers of the South 
Atlantic States on account of frequent rains after the 
middle of the month. Warnings were issued wherever 
and whenever necessary, and no damage of consequence 
resulted. There were no other floods east of the Missis- 
sippi River except a short and harmless one in the upper 
Connecticut River on July 2. There were, however, 
several overflows of small streams at different times 
caused by torrential local rains. These occurred in 
Southern New England and the Middle Atlantic States, 
and the aggregate losses were more than $1,000,000, 
mostly in northeastern Pennsylvania, where the storm 
was the fourth destructive one within four weeks. 

The destructive floods of the month occurred in the 
rivers of northwest Missouri, where all the rivers and 
smaller streams overflowed their banks after the torrential 
rains of July 9 and 10. At Maryville 10.82 inches of 
rain fell during the 24 hours ending at 7 a. m. July 10, at 
Chillicothe 5.18 inches fell on July 9 and 10, and at 
Brunswick 3.34 inches on the same dates. 

The larger rivers that were in flood were the Grand, 
Nishnabotna, Nodaway, One Hundred and Two, and 
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Platte, and it was reported that the latter was 1} miles 
in width in places on July 12. 

Crops suffered enormously, bridges and roads were 
washed away, railroad tracks were torn up, and traffic 
generally interrupted. Between 8,000 and 10,000 acres 
of farm lands were inundated, and the losses will run into 
millions of dollars. The losses from the Grand River 
flood alone were reported as having been about $2,000,000. 

Warnings were sent out on July 10 as soon as the first 
reports of heavy rain had been received, but, although 
the flood conditions did not become serious until early 
morning of July 12, many farmers were unable to get 
their wheat out of the lowlands. Some worked all day 
and throughout the night and succeeded in saving a 
considerable quantity of wheat, but many thousands of 
bushels were carried down the swollen rivers. It was 
impossible to convince numbers of farmers that a destruc- 
tive flood could occur in July, and these lost everything. 
However, as a whole, both farmers and others were 
quick to action as soon as the warnings had been received, 
and many have expressed their gratitude and thanks for 
the timely and accurate warnings, which were distributed 
largely by telephone. By 9:40 a. m. July 10, or within 
one hour after the warnings had been received at the 
Weather Bureau Office at St. Joseph, they had been 
repeated to more than 100 farmers living in the One 
Hundred and Two River Valley in Andrew, Buchanan, 
and Platte Counties. 

The following report on the flood in the Grand River 
of Missouri was prepared by Mr. M. W. Hayes, meteorolo- 
gist in charge of the Weather Bureau Office, St. Louis, Mo.: 


Tre Granp River Fioop or Jury, 1922. 


The basin of the Grand River extends from south central Iowa south- 
ward to the Missouri River. It is a comparatively flat area, containing 
7.891 square miles and ey se from an elevation of about 1,000 feet 
above mean sea level in lowa to about 700 feet at Chillicothe and 
about 650 feet at the mouth of the river. There are two distinct sub- 
basins extending as far southward as Chillicothe; the easterly one con- 
tains 2,194 square miles and is of an elongated shape; the distance from 
Chillicothe to its upper end in Iowa is 125 miles. The westerly sub- 
basin has an area of 2,664 square miles, while the distance from Chilli- 
cothe northwestward to its upper extremity is 20 miles less than the 
length of the easterly division. These two subbasins combined form 
an area that is almost rectangular except for an acute angle—the 4 el 
part of the easterly division—that extends well up into Iowa. Chilli- 
cothe is in the southeastern corner of the area. 

Rainfall in extreme northern Missouri and south central Iowa is at 
times unusually excessive in periods varying in duration from two or 
three days to a week between May 15 and July 15. From 1909 to 1922, 
inclusive, there have been five years (1909, 1915, 1917, 1919, and 1922) 
in which rainy periods have given precipitation ranging in amount 
from 4 to 12 inches over a large part of the watershed above Chillicothe. 

In comparing flood heights in the Grand below Chillicothe the infiu- 
ence of the Missouri River has to be considered, for a high Missouri 
checks the discharge of the lower Grand, while a low Missouri permits 
a rapid discharge and cuts the flood height in the lower river very 
materially. For tne of comparison the Chillicothe stages alone 
are considered. The Chillicothe gauge is a very short distance below 
the confluence of the east and west branches of the river and is too 
far away from the mouth of the main stream to be affected in any 
material way by Missouri River stages. 

The highest flood known in the Grand and its two principal tribu- 
taries that meet at Chillicothe occurred in July, 1909. In that year a 
period of rains began on July 5 and continued at an excessive rate for 
three days. In most of the drainage basin above Chillicothe 4 to 11 
inches of rain fell. 

The second highest flood was in June, 1917. The rain that caused 
it began on June | and, with the exception of the 3d, fell daily through 
the 6th. The amounts ranged from 4.34 to 7.47 inches. As in the 
case of the 1909 flood, the heaviest rain was a short distance south of 
the Iowa line, and the lightest was in the lower part of the drainage 


area, 

The third highest was in July, 1922. -The rainfall had been defi- 
cient since the latter days of May, and both the Grand River system 
and the Missouri River were low on July 9, when excessive rains began 
over the northwestern part of the Grand River basin. In less than 24 
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hours 10 to more than 12 inches of rain fell in the extreme northwest 
part of the westerly subdrainage area above Chillicothe. In the re- 
mainder of the basin 3 to 6 inches fell. Most of tne rain, and probably 
enough to cause a disastrous flood, fell in the 24 hours ending at 7 a. m. 
of the 10th. A very rapid rise began in the tributary streams on the 
10th, and in the main stream as far south as Chillicothe on the |! th. 
Very high stages were general, except near the mouth of the river. 
The bottoms are broad throughout the system; all of them above Chilli- 
cothe were covered, and below the widely inundated area extended 
almost to the Missouri River. The water receded slowly, as is usual 
in this system, thus augmenting the seriousness of the situation. 

The stage of the Missouri River was moderate throughout the flood 
in the Grand, and the discharge near the mouth of the Grand was 
sufficiently rapid to keep the maximum stage down to a level that was 
not more than 5 feet above bankful. 

There are three rainfall charts inclosed.!_ They show the precipita- 
tion that caused the floods of July, 1909, June, 1917, and July, 1922. 
There is also forwarded herewith a tabular statement of the annual 
maximum stages of the Grand River at Chillicothe. 


WARNINGS ISSUED. 


At 10a. m. of July 10, the following telegraphic warnings were issued: 

To Pattonsburg, Gallatin, and Trenton, Mo.—Heavy rains upstream. 
River will rise rapidly and pass bank{ul stage. 

To Chillicothe.—Heavy rains upstream. Grand will rise rapidly, 
passing flood stage in 36 hours. 

To Brunswick.—Heavy rains over Grand, and in northwest Missouri. 
River will pass flood stage by Wednesday (12th). 

At3 p. m. of the same day, after receipt of additional rainfall reports, 
further warnings were telegraphed as follows: 

To Pattonsburg, Gallatin, Trenton, and Chillicothe, Mo.—Very 
heavy rains falling in northern counties from Putnam to Nodaway. 
Amounts sufficient to give high flood. Disseminate widely. 

To Brunswick.—Very heavy rains falling in northern counties from 
Putnam to Nodaway. Amounts sufficient to cause high flood above 
Brunswick. Rise at Brunswick depends upon action of Missouri, 
which can not be estimated until Tuesday (11th). 

On the 11th a stage of 14 feet was forecast for Brunswick. 

On the 12th a crest stage of 30 feet was forecast for Chillicothe, and 
the river observer at that place was asked to disseminate the informa- 
tion as widely as possible. 

When the first warnings were telegraphed the stages were low. 
The Chillicothe stage was 5.3 feet, whch is 12.7 feet below bankiul 
stage. All of the warnings were given as thorough a dissemination as 
possible. The Chillicothe Chamber of Commerce and the telephone 
companies in the basin spread the information among the farmers by 
telephone. The time that was available for the driving of live stock 
out of the bottoms and moving the shocked wheat was ample. Most of 
those having property of this kind in exposed places began to move it 
upon receipt of the first warning. There were some, however, who 
were doubtful that the river would rise high enough to cause any 
damage, and lost all of their bottom wheat and most oi their live stock 
running in the bottoms. 

Thousands of acres of growing corn were a total loss. Some corn on 
the edge of the fiooded area survived the inundation, but in most of 
the bottom land the crop was covered three to six days and was killed. 
On account of the lateness of the season, replanting had to be confined 
to a few forage crops. 

There was one human life lost during the flood, that of a boy of 17, 
who was drowned on July 12 while driving cattle from flooded lowlands 
near Brimson, Grundy County. 

The following is a tabulation of the statistical reports concerning 
flood Josses and the value of the warnings in Daviess, Grundy, Livings- 
ton, Carroll, and Chariton Counties, Mo. : 


Damage to highways, bridges, farm buildings, etc. ......-. * $80, 000 
Loss of crops, which may or may not have been housed.... 530, 000 
Loss of prospective crops, 57,300 acres........---.--------- 1, 432, 500 
oss of livestock or other movable property. ..-..--.---.-- 2 11, 500 
Loss due to suspension of business, including wages of em- 

Money value of property saved by warnings........-.---- 1, 790, 000 


Highest stages at Chillicothe for 1909 and for 1915 to 1922, inclusive. 
There are no records for the period 1910 to 1914, inclusive. 


Stage. Stage. 


i Not reproduced. 


2 For Livingston County only. 


JuLy, 1922 


There is inclosed herewith a copy of resolutions adopted 
by the Chamber of Commerce of Chillicothe, Mo., ex- 

ressing its appreciation of the work of the Weather 
ten in connection with this flood. 


THe Higuway Crry—THe CHAMBER OF COMMERCE—COURTESY 
TowN—CHILLICOTHE, Mo. 


BOARD OF DIRECTORS’ MEETING, JULY 18, 1922—A RESOLUTION OF 
APPRECIATION TO ST. LOUIS WEATHER BUREAU. 


Whereas the warning sent out by telegraph through the local station 
representative by the Government Weather Bureau at St. Louis, giving 
from 30 to 36 hours’ notice in advance of a 30-foot flood stage in the 
Grand River Valley in Livingston County, caused by a heavy down- 
pour about July 10th, in the northwest part of the State; and 

Whereas said telegram contained the further warning to all farmers 
and others in the lowlands to make every effort to save their harvested 
crops, their live stock, and to remove same to the higher lands; and 

Whereas many of our farmers heeded the warning and did save some 
of their crops and nearly all their live stock, while others, we regret 
to say, did not heed the warnings; and 

Whereas the Chillicothe Chamber of Commerce, by the information 
contained in said Government Weather Bureau warning, was put in a 
position to cooperate in distributing this information to our rural dis- 
trict lowland farmers: Therefore be it 

Resolved, At this a regular board of directors’ meeting, held on the 
above date (motion made by E. O. Welch, seconded by W. ©. Arnold, 
and passed unanimously), ‘‘That a proper resolution be prepared by 
the secretary commending the Government Weather Bureau office at 
St. Louis for furnishing advanced report and warning to the people of 
Livingston County from 30 to 36 hours, relative to the recent flood, so 
that they could get their stock and crops out of the lowlands prior to 
the arrival of the flood. And also to request that if the Government 
office at St. Louis will furnish the chamber of commerce with a copy 
of all future information of this nature which comes to their local repre- 
sentative, the chamber will be able to facilitate in getting this informa- 
tion out over the county much quicker.”’ 


Boarp or Drrecrors, 
By Harry W. Granam, Secretary. 


There was also a general overflow of the smaller streams 
of northeastern Nebraska on July 30, and according to 
press reports towns and farm lands were damaged to the 
extent of $1,000,000. 

The rise in the Arkansas River and tributaries from 
the Wichita district southward was not serious except in 
the Little Arkansas River. The total damage reported 
was about $55,000, of which about $40,000 was in crops. 
Warnings were issued well in advance of the rises. 


ANNUAL RISE OF THE COLUMBIA RIVER, 1922. 
By R. C. Mize, Meteorologist, Portland, Oreg. 


Reports at the end of March showed practically the 
entire season’s snowfall on the ground in the mountain 
areas. The depth was about average, the snow somewhat 
less compact than usual, streams unusually low, and the 
soil fairly well filled with moisture. Forecast was made 
at that time that with normal temperature conditions 
there should be a crest of about 20 feet at Portland, and 
that this stage might be exceeded should there be 10 
days or more of continued hot weather late in May or 
early in June. 

At the end of May an usually hot spell prevailed, the 
last four days of the month showing an excess of 56° 
above normal. At this time the river was 5 feet lower 
than on the same date of the preceding year. Moder- 
ately hot weather continued until June 8, by which time 
the stage was but 2 feet lower than that of one year be- 
fore. The crest was reached at Portland on the average 
date, June 11. The flood stage was reached on May 21, 
one day later than the average, and continued six days 
less than the average. The crest was 0.1 foot higher than 
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the one and three day forecasts and 0.2 foot higher than 
the two-day forecast. 

All the larger dikes held, and comparatively little tilled 
ground was flooded. The greatest item of loss reported 
was due to suspension of business, and of this about 
one-half was suffered by the salmon-fishing industry. 

Flood stages were not reached on the Snake River, nor 
at Umatilla, Celilo, The Dalles, or Cascade Locks on the 
Columbia River. 

There were three crests in the Snake River at Lewis- 
ton: 15.0, May 19; 15.6 May 26; and 16.1, June 7. The 
first and third were evidently caused by the Clearwater 
River. The highest stage at Lewiston was reached when 
the upper Columbia River at Wenatchee had approached 
within 1 foot of its crest. 

Summaries of flood data and loss and damage are 
appended. 


Flood data for 1922 and comparative data. 
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1922 Comparative data. 
Station. | River. |2! | Dateof | & | “Gate of 5/58 
| | Crest. Bs a 
| 
Weiser.......... Snake...... 144 0 (11.6 | May 27..../26.5 | May 31 [11.5 | &3 6.6 
Clearwater | 4 |14.4 | June6..... 15.4, May 24 113.5 110.8 | 9.6 
Lewiston....... | Snake...... 0 {16.1 | June7.....:26.6 May 30 }16.1 |12.6 |11.6 
Bonners Ferry... Kootenai... 3 (246.7 132.7 , June 9 (24.8 /22.0 20.8 
Newport........ Pend Orcille!'16 | 23 18.9 | June 15-17.'24.9 June 12 |16,2 |17.2 14.2 
Marens......... Columbia. .!24 | 44 30.5 | June 18-19./33.8 | June 22 [30.5 |28.8 |27,3 
Wenatchee. | 1) 40.4 | June 15-18.'58.0 | June 14 [38.5 [38.1 34.0 
do. ......./25 | 0 (22.6 | JuneS..../34.5 | June 8 /21.6 [20.2 '18.4 
30; 0 (19.3 | Juneg..../284 June 9 116.6 115.0 
The Dalles......)... QO 40} 0 [38.2 |-.-do. | June 11 |33.7 
Cascade Locks..|...do......./44 | 0 (30.2 | June9-10../49.6 | June 10 [29.0 |26,2 (23.5 
Vancouver......|... do.......|15 | 45 |23.4 June 11..../24.8 | June 13 {21.0 [21.0 18.3 
Portland........ Villamette.15 | 43 \22.4 June 1!-12./33.0 | June 11 |20,4 |20.1 |17.6 
i i | 


Highesi summer siages, Willametie River, Portland, Oreg. 


} | | 
Year. | Feet | Year. | Feet.;| Year. | Feet. Year. | Feet.|| Year. | Feet. 
| 
25.7 |} 1896..... 23.8 | 1905.....| 13.6 |} 1914..... 16.8 
1879 .-| 20.5 |] 1888.2... 18.2 |! 1897.. 23.7 || 1906.....) 13.4 |] 1915..... 12.6 
| 27.3 || 1889..... 10.0 |) 1898.. 20.7 || 1907..... | 19,2 || 1916..... 23.9 
| 19.7 1800.....| 20.1 |) 1809... 24,2 1908 | 21,2 1917..... 23.8 
| 25.1 |] 1801.....) 141 1900..... 17.8 | 1909..... 21.6 || 1918..... 19, 2 
17.8 || 1802.....| 19.3 |! 1901.....] 2 | 1910..... 19.1 || 1919..... 18.6 
1 20,2 |] 1893...../ 22.0} 1902..... 20.8 |} 1011..... | 19.2 || 1920..... 14.8 
14,5 |] 1804.....] 33.0 || 1908.....| 24.0 |] 1912.....| 19.7 || 1921..... 24.3 
| 20,0 1895.....} 16.3 |} 1904..... 20.8 || 1913 | 24.0 || 1922..... 22.4 
Statistics of money loss by flood. 
Kind of loss or damage. aad | Outside. | Total. 

VO Crone (ECTS, 39,845 | 39, S45 
Saved by (112,500 | 25,515 | 138, 015 
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Flood stages during July, 1922. 
Above flood 
Crest. 
Flood stages—dates. 
River and station. stage 
From—| To— | Stage. | Date. 
ATLANTIC DRAINAGE, 
Connecticut: Feet. Feet. 
White River Junction, Vt............... 13 () 2 14.0 2 
Roanoke: 
euse: 
Cape Fear: 
Santee: 
< th 12 9 12.0 
MISSISSIPPI DRAINAGE. 
Ark 
12 13 16 13.4 15 
Little Arkansas: 
Neosho: 
17 13 15 19.7 14 
North Canadian: 
Grand: 
18 12 24 30.5 14 
10 12 24 14.9 18 
COLORADO DRAINAGE. 
orado: 
PACIFIC DRAINAGE. 
Columbia: 
Willamette: 
1 Continued from June. * Continued into August. 


MEAN LAKE LEVELS DURING JULY, 1922. 


By Unrrep Srares Lake Survey. 


(Detroit, Mich., August 4, 1922.] 
The following data are reported in the “Notice to 


Mariners” of the above date: 


Lakes.! 
j 
Data, ‘Michigan 
Superior. — an Erie. | Ontario. 
Huron. 

Mean level during July, 1922: Feet. | Feet. Feet. Feet. 
Above mean sea level at New York...... 602.49 | 580.6 572.76 246.92 
Above or below— 

Mean stage of June, 1922............. +0.29 | +0.13 —0.15 +0.17 
Mean stage of July, 1921.............. —0.10 +0. 23 —0.14 +0.55 
Average stage for July, last 10 years..; —O.14' —0.35 —0.20 +0.04 
Highest recorded July stage......... —-1.33 —2.91 —1.65 —1.80 
Lowest recorded July stage.......... +1.01  +0.77 +1.30 +2.33 

Average relation of the July level to: 


1 Lake St. Clair’s level: In July, 575.42 feet. 
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EFFECT OF WEATHER ON CROPS AND FARMING OPERA- 
TIONS, JULY, 1922. 


By J. B. Kincer, Meteorologist. 


July, 1922, was on the whole favorable for farming 
operations in most sections of the country, although the 
first half of the month was rather too cool for warm- 
weather crops in the more northern States, and moisture 
was markedly deficient during most of the month in the 
Southwest. In addition, the latter part of the month was 
excessively warm in the lower Great Plains section, where 
moisture was deficient, and in some localities of that area 
destructive hot winds were experienced. Farm_ work 
made good progress generally, except for some delay to 
harvest in north-central States caused by heavy rainfall, 
and some hindrance to field work in the Southeast by 
continued wet soil. 

Harvest and threshing of small grains made good prog- 
ress under favorable weather conditions in Sachenity ail 
of the principal producing areas, and the weather was 
generally favorable for drying grain in shock, except that 
considerable damage occurred to oats in parts of the 
upper Mississippi Valley because of rotting, and 
sprouting. Spring grains were benefited by showers in 
many of the more western districts the latter part of the 
month. 

Temperature and moisture conditions were favorable 
for corn in the central valley States, except for some lack 
of moisture in parts of the Ohio Valley. It was rather 
cool for this crop during much of the month, however, in 
the central Northern States, and there was a serious lack 
of moisture in Oklahoma and central and western Texas 
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and late corn deteriorated in that area. The rainfall near 
the close of the month in much of the upper Mississippi 
Valley was very favorable for corn. 

The weather was mostly favorable for cotton, except 
where there was a lack of moisture in the more western 
portions of the belt and where it was too wet in parts of 
the east. The drought in Texas and Oklahoma had 
become rather serious at the close of the month and the 
progress of cotton was poor to only fair and considerable 
wilting and shedding were reported. Weevil, however, 
had become generally less active, particularly in the west- 
ern portion of the belt where the weather had been warm 
and dry, although they continued numerous in most sec- 
tions and were doing much damage in many localities. 
The weather was very favorable for picking in southern 
Texas, and bolls were reported as opening rapidly in 
southern Georgia at the close of the month. 

There was sufficient moisture for most truck crops in 
the Central and Eastern States, but rain was badly needed 
in the Southwest, and moisture was deficient during parts 
of the month in portions of the Ohio Valley. 

Grasses and ranges were rather unfavorably affected b 
dryness in the central Rocky Mountain States, althoug 
considerable rain fell in this area the latter part of the 
month, and at the same time showers improved the range 
in the northern and northwestern Great Plains. Ranges 
were very unfavorably affected by continued dry weather 
in the Southwest, although there was some relief by 
showers near the close of the month in much of Arizona 
and parts of New Mexico. Droughty conditions contin- 
ued in the far Northwestern States. 


CLIMATOLOGICAL TABLES. 


DESCRIPTION OF TABLES AND CHARTS. 


Table I gives the data ordinarily needed for climato- 
logical studies for about 176 Weather Bureau stations 
making simultaneous observations at 8 a. m. and 8 p. m. 
daily, 75th meridian time, and for about 37 others making 
only one observation. The altitudes of the instruments 
above ground are also given. 

Table II gives, for about 35 stations of the Canadian 
Meteorological Service, the means of pressure and tem- 
perature, total precipitation, and depth of snowfall, and 
the respective departures from normal values except in 
the case of snowfall. The sea-level pressures have been 
computed according to the method described by Prof. F. 
H. Bigelow in the Review of January, 1902, pages 13-16. 

Chart 1.— Tracks of centers of ANTICYCLONES; and 

Chart I1.— Tracks of centers of cycLones. The Roman 
numerals show the chronological order of the centers. 
The figures within the circles show the days of the month; 
the letters a and p indicate, respectively, the observations 
at 8 a. m. and 8 p. m., 75th meridian time. Within 
each circle is also given (Chart [) the last three figures 
of the highest barometric reading, or (Chart JI) the 
lowest reading reported at or near the center at that 
time, and in both cases as reduced to sea-level and 
standard gravity. The inset map in Chart I shows the 
departure of monthly mean pressure from normal and 
the inset in Chart I1 shows the change in mean pressure 
from the preceding month. 

Chart II1.— Temperature departures. This chart pre- 
sents the departures of the monthly mean surface tem- 
peratures from the monthly normals. The shaded 
portions of the chart indicate areas of positive departures 
and unshaded portions indicate areas of negative depar- 


tures. Generalized lines connect places having approxi- 
mately equal departures of like sign. This chart of 
monthly surface temperature departures in the United 
States was first published in the Monroty WEaTHER 
Review for July, 1909. 

Chart 1V.— Total precipitation. The scale of shades 
showing the depth is given on the chart. Where the 
monthly amounts are too small to justify shading and 
over sections of the country where stations are too widely 
separated, or the topography is too diversified to warrant 
reasonable accuracy in shading, the actual depths are 
given for a limited number oi representative stations. 
Amounts less than 0.005 inch are indicated by the letter 
T, and no precipitation by 0.00. The inset on this chart 
shows the departure of the monthly totals from the 
corresponding normals. 

Chart V.—Percentage of clear sky between sunrise and 
sunset. The average cloudiness at each Weather Bureau 
station is determined by numerous personal observations 
between sunrise and sunset. The difference between the 
observed cloudiness and 100 is assumed to represent the 
percentage of clear sky, and the values thus obtained are 
the basis of this chart. The chart does not relate to the 
nighttime. 

Chart VI.—J/sobars at sea level, average surface tem- 
and prevailing wind directions. The pressures 
iave been reduced to sea level and standard gravity by 
the method described by Prof. Frank H. Bigelow on 
pages 13-16 of the Review for January, 1902. The 

ressures have also been reduced to the mean of the 24 

ours by the application of a suitable correction to the 
mean of 8 a. m.—and 8 p. m.—readings at stations 
taking two observations daily, and to the 8 a. m.—or the 
8 p. in.-—observation, respectively, at stations taking but 
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a single observation. The diurnal corrections so applied apparatus determine the prevailing direction from the 
will be found in the Annual Report of the Chief of the daily or twice-daily observations only. pee. 
Weather Bureau, 1900-1901, volume 2, Table 27, pages Chart VII.— Total snowfall. This is based on the a 


140-164. reports from regular and cooperative observers and shows 
The sea level temperatures are now omitted and average the depth in inches of the snowfall during the month. 

surface temperatures substituted. Theisothermscannot In general, the depth is shown by lines inclosing areas of 

be drawn in such detail as might be desired, for data equal snowfall, but in special cases figures are also given. 

from only the regular Weather Bureau stations are used. Chart VII is published only when the snowfall is suffi- Pay 
The prevailing wind directions are determined from ciently extensive to justify its preparation. 

hourly observations at the great majority of the stations. Charts VIII, IX, ete.— North Atlantic weather maps of 

A few stations having no self-recording wind-direction particular days. 


CONDENSED CLIMATOLOGICAL SUMMARY.' 


In the following table are given for the various sections of the climatological service of the Weather Bureau 
the monthly average temperature and total rainfall; the stations reporting the highest and lowest temperatures, 
with dates of occurrence; the stations reporting the greatest and least total precipitation; and other data as indicated 
by the several headings. 
The mean temperature for each section, the highest and lowest temperatures, the average precipitation, and 
the greatest and least monthly amounts are found by using all trustworthy records available. es 
The mean departures from normal temperatures and precipitation are based only on records from stations that 
have 10 or more years of observations. Of course, the number of such records is smaller than the total number of 


stations. 
Condensed climatological summary of temperature and precipitation by sections, July, 1922. 
Temperature. | Precipitation. 
Monthly extremes. | 4. Greatest monthly. Least monthly. 
Section. 5 E 
2 | > 
2 Station. Station. ge Station. Station. 
“7, In. In. In. In. 
79.9 0.0 | Madison............| 100 | 227 | Riverton............ 53 5 || 4.29 | —1.06 | Spring Hill.......... 12.85 | Wetumpka......... 1.76 
81.5 | +£.6 | 119 39 28 || 1.79 | —0.69 | Douglas............. 6.29 | Yuma Citrus Station) 0.00 
80.2 | +0.3 | Subiaco............. 106 Sl | 48 5 || 4.12 | +0.20 | Marked Tree........ 0. 96 
73.4 | +0,2 | Greenland Ranch. ..| 126 16 | 28 22 || 0.15 Cc 114 stations. ........ 0. 00 
| 66.3 | +3.5 | Two Buttes......... 16] 2stations........... 27 | 277) 1.88 0. 04 
_ | 81.7; —0,4 | Orlando............. 101 31 , De Funiak Springs..| 57 7 6.84 Sand Key........... 1,68 
80.3 | +0,2 | 2stations........... 101 | 229 Blue Ridge......... 57 6 || 4.96 1.60 
68.0 | +1.1 | Kooskia............. 113 30 | Stanley.... 25 16 || 0.49 Lapwai.. 0.00 
Illinois 5. —0.9 | 2 stations... --| 102 | 227 | Sycamore. . 41 8 || 3.69 1.20 
Indiana .2 | —1,1 | Seymour... -| 101 16 | 2 stations... 43 24 || 3.49 aa 0. 80 
lowa .5 | —2.6 | Burlington. 9S | 9 | Estherville... 40 7 6.31 North vood ......... 3.13 
Kansas | 77.0 | —1.1 | Atwood... ..| 15 | Oakley....... --| 42] 5.07 Scott City........... 0.71 
Kentucky | 76.4 | —0.3 | Paducah..... .-| 102 | 228 | 2stations........... 47 5 || 4.77 9.06 | Maysville........... 1.55 
Louisiana | 81.4) —0.4 Plain Dealing....... 103 | 31 | Calhoun............. 52 5 || 5.85 | —0.46 | Schriever........... 12.25 | Calhoun............. 2.34 
Maryland-Delaware. .| 74.7 | —0.4 | 2stations........... GO; 123 | Fetetions.....3....- 43 6 || 5.82 | +1.37 | Cambridge, Md..... 11.78 | Western Port, Md...) 1.83 
Michigan. ............ | 67.1 | —1,4 | Pomtiag, 24 ae ughton Lake | 29 4 || 3.82 | +0.71 | Escanaba........... 0. 48 
| | | near). 
Minnesota............ 67.3 | —1.7 | Fergus Falls........ 100} 14| 2stations........... 38 3 || 2.26 | —1.40 | Grand Marais....... 5.35.4 Milaca.......-...0% «| 0.40 / 
i Sa | $0.5] —0.2 | Sstations........... 101 | 212 | Edinburg........... 3B 5 || 4.64 | —0.42 | Hickory............. 10,35 | Agricultural College., 1.32 
| 76.8 | —0.7 | Caruthersville....... 103 | 224 | Goodland (2)........ 46 4 {| 5.85] +1.82 | Grant 17.68 St. Louis (No. 2)....| 1.92 
Montana.............| 65.8 | —0,4 | Glendive............ 103 | 19) Philipsburg......... 29 13 || 1.73 | +0.48 | Wibaux............. 4.45 | Fortine............. 0. 34 
72.6 | —20 2etations........... 106 | 214} Gordon............. 35 1.08 
| 74.1 | +1.1 | Logandale.......... 116 | &) Bye Patch. ......... 33 26 0.54 | +0.19 | Lamoille............ 0.00 
New England........) 68.4 | —0.5 | Torrington, Conn...) 95! 13 | Garfield, Vt......... 36 30 || 3.33 | —0.29 | Lawrence, Mass..... 7.17 | Burlington, Vt...... 0.98 
New Jersey........... 73.0 | —0.7 | Sussex.............- 98| 12| Layton............. 44| 5.79 | +1.00| Plainfield .26 | Trenton..... 2.29 
New Mexico.......... 74.0 | +1.3 | Orogrande.......... 110 | 211 | Chama......... 30 29 || 1.32 | —1.25 | Aurora Lindrith.. 0. 00 
.1  —0.5 | Dansville.... --| 100 12 | 3 stations.... 37 | 210 |) 3.29 | —0.63 | Bedford Hills .| 12, Copenhagen. 0.63 
North Carolina. . 8) +0.5 | Goldsboro. . 100 | 1 | 3 stations.... 50 26 || 6.97! +1.05 | Eagletown.. met 52 | Cullowhee... 2.40 
North Dakota. .. .6 | —1.9 | Napoleon.. 100; 14 | Napoleon.... 30 7 2.40 | —0.21 | Larimore.... 5 | Walhalla. ... 0.60 
.9 | —0.9 | Green...... 99 27 | Wooster........ 41 5 || 3.70 | —0.15 | Hillsboro 1,25 
Oklahoma....... We) | +0.7 | Frederick...... 112 31 | Arapoho............ 50 4 || 4.08 | +0.97 | Vinita Mangum............ 0. 44 
68.3 | +2.3 | Umatilla............ 114 21 23 0.05 | —0.52 | 2stations........... 0. 59 | 60 stations.........-. 0.00 
Pennsylvania......... 71.9 | —0.2 | 5stations........... 98 | 211 | West Bingham...... 38 30 || 3.68 | —0.53 | Springdale.......... 7.58 | West Bingham...... 1,45 ae 
South Carolina....... 79.9 | +0.1 | 2stations........... 101 Sek) ee 58 6 || 7.20 | +1.22 | Society Hill......... 12. 58 | Parris Island........ 3. 50 x 
South Dakota........] 60.2 | —1.7 | Pollock............. 104 33 7 3.86 | +0.55 | Kadoka............. 82 } Britton... 0. 44 
77.4 | —0.1 | Perryville. 101 | 28 | Waynesboro... 48| || 5.58) +0.86 | Cedar Hill. 10. 56 | Loretto... 1.05 
83.4 +0.5 | 3 stations........... 110 | 221 | 3 stations........... 53 24 1.74) —0.99 | Beaumont.......... 10.16 | 6 stations........... 0. 00 
Lo ASS ee ae 71.6 | +0.9 | St. George.......... 112 15 | East Portal......... 32 2 || 0.75 | —0.17 | Farmington......... 2.16 | Black Rock.........; 0. 00 
75.3 | —0.2| Chatham............ 99 2 | Burkes Garden...... 48 7 || 6.66 | +2.22 | Newport News...... 16.25 | Manassas............ | 2.20 
Washington.......... 67.7 | +1.7 | lll 3 | Paradise Inn........ 32 24 || 0.03 | —0.72 | Locke............... 0.61 | 86 stations..........) . 0.00 
West Virginia........ 72.9 | —0.1 | Wheeling........... 99 toe: Sea 43 6 || 4.53 | —0.19 | Cheat Bridge........ 8.05 | Dam 26, Ohio River... 1,16 : 
67.1 | —2.2 7 Belots. 99 9 | Grantsburg......... 31 28 || 3.85 | +0.22 | New London........ 1.39 
Wy 64. 1 —0.9 | 3stations........... 102 | 214 | Foxpark............ 21 12 || 1.59 | +0. 24 | Newcastle........... 5.78 | Green River....-...| 9.01 
| 
1 For description of tables and charts, see REVIEW, January, 1921, p. 41. 2 Other dates also. 
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TABLE 1.—Climatological data for Weather Bureau Stations, July, 1922. 
Elevation of = 
i instruments. Pressure. Temperature of the air. iS Precipitation. Wind. | Ba = 
Ft. | Ft.| In. | In. | In. F. %, | Miles | | ve In. | In. 
England. “i, 33) — | . 
} 
Eastport.............. 76| 67] 85! 29. 02) +. | 5.5 
| Portland, 143) 29.91 +708) 67-4 90 54) 30) 60] 62) 59) 77) 2.50 11 5,753) 10, 10, 11) 5.5} 
29.7 06 69. 1 0) 58) 2 732! se 5 5 
| 404) 11] 48) 29.57) 30.00 $205 68.2) 0.0) 12) 78] 491 30 | 9 O46 OO 
Northfield............- 60| 29.09] 30.02, 65.4 —1.21 89, 12| 75] 40) 30| 37) 43361 sw. | 221 | 13! 616 9 5.7) 0.0.00 
Boston... 29. 89} 30.03; +.07| 72.0, +0.3/ 93) 13) 80) 5s| 27) 64 26) 65 61! 73] 2.63 —0.7) 11 5,102 sw. | 21] w 13) 12) 8) 11) 5.2) 0.0) 0.0 
Bh 30. 30.08; +. 05) 65.8 —1.7) 76 22) 71) 54 11| 61 16) 63 62) 92) 5.05) 4+2.4) 11/12,166) sw. | 43) ne 5) 7) 17, 6.7) 0.9) 0.0 
30. 00; 30.03) +. 06) 67.7, —0. 4) 78) 31) 72) 57) 11) 63) 16, 65) 64, 89) 1.82, —1.5, 9,10, 523) sw. | 36] ne 5) 12) 5) 14, 5.5) 0.0) 00 
29.85) 30.02) 70.8 —2.6 2} 79) 55] 15) 62} 25, 65) 6.88 43.4) 14! | 48} nw. | 22) 101 12° 9) 5.5) 0.00.0 
N ove 29. 85; 30. 02) 05) 72.0 +0. 4) 92) 13} 81 56) 30) 63) 26 66) 64| 82! 5.16, +1.0} 13) 5,024} s. 33) nw. 13) 9 11) 11 61) 0.0 0.0 
ew Haven........... 29. 92 4-06, 71.6 —0.2| 91 18) 79, 57) 30) 64] 23) 66 63) 77) 5.14 +0.4) 16 5,700 25\ sw. | 18; 11] 5.7! 0.0 
Middle Atlantic States. 0.5 | 78] 5.12, 40.8) | | 5.7 
New York............ 29. 70} 30.03} +.05| 72.7] —0.8} 91) 13] 80} 591 5| 65, 22} 66) 63) 77) 6.55) +2.0| 13, 8,304) s. 7| 11) 13) 6.4) 0.0 
29.64) 30.04) +.06) 74.6) +0. 1) 92) 12) 83) 53) 6) 66) 26) 66! 63) 72) 3.91) 0.0, 14) 3,674 s. 28) nw. 1) 13) 6: 0.0! 0.0 
q Reading | 29.91 30. 03 +.05, 75. 5| —O.3)} 94) 12) 84) 58; 67 24 68; 64; 72) 2.42) —1.9 10) 6, 316} sw. 28) n. 1) 5} 14) 12) 6. 0.0) 0.0 
| 29.68} 30. 02)...... | 74.4)...... 93) 12] 84) SS} 5) 65) 28) 66) 63) 73) 3.58) —0.6! 12! 1,972) se. 22) nw. 16; 7) 5.3) 0.0) 0.0 
Cii 29.19) 30.04) +.06 —0. 4) 95) 12 81 49) 30) 61 32) 65) 61) 72) 4.48) +-0.6) 7! 4, 125) sw. 24) s. 7| 5) 13) 13) 6. 0.0) 0.0 
tlantic City.......... | 29.97| 30.02) +. 04 72.2) +0.1] 86) 29] 77} 58] 6) 6S) 20) 69; 67) 5.03) 41.2) 8. 43| ne. | 14, 13) 11) 5.1) 0.0) 0.0 
Cape May 30.04) 30.06! +.08) 73.0) —0.4| 88) 24) 79] 59) 16) 67} 21} 69 87) 6.06) +2.3| 14, 4/826 s. | 301 w. | 18) 10) 9 12/54 0.01 0.0 
~ Trenton | 30. 30. 02 88} 18] 79} 60! 5) 67} 20) 68) 66; 83 5. 36).....-. 15) 953} s. 59} s, 18) 7| 16; 5. 0.0) 0.0 
Trenton... | 29.82) | 73-4)... 94) 12) $3 58) 5| 64 26) 67) 64) 77| 2.29) 13) 6.7671 sw. | n 13) 6 11 14,64 0.01 6.0 
Washinet, 29. 89) 30.02) + 04) 77.0) —0.3 95 12 85 61 5| 24) 70) 67 76} 7. 28) +2. 5) 15) 4,154) s. 30) 2| 6} 13) 12} 6. 0.0 0.0 
L 29.90} 30.02} 76 6 —0. 2} 95) 12) 85) S58) 6 68 25 70; 67| 9.59) +4.9) 15 3, 724) sw. 40) sw. 3) 14 5.5) 0.0) 0.0 
29.31) 30.04] +.03' 76.4) —1.1] 94 11) 86, 58) 6) 67) 26) 69) 67) 77) 2.25) —1.8) 4,170 w. | 35] ne. | 28) 9 12 1015.8 0.0 0.0 
Rishon | 29.95 30. 04) + 04, 78.0; —0.4] 92) 2 65) 6) 7 24) 72; 70; 8&5 11.92; +6.1 15, 7,659, sw 52] nw. 6, 13) 12 6 0.0) 0.0 
| 29. 89} 30.04) +.03) 76.6) —2.6 94 2 85 60; 6} 68) 22) 71) 69) &3) 8.48) +4.1| 13) 4,637! sw 42) nw. 28! 8) 14 9) 6 0.0) 0.0 
ytheville... 27.74] 30.04 +.03 71.7] —0.9) 87] 28) $1) 55] 6) 62 26) 66 64 $4) 4.07, —0.4) 14, 3,178) w 2) w. | 23) 8/19 4) 5.1) 0.00.0 
South Atlantic States. 79.6 40.3 | | -0.2 | | Is 
| 
Asheville.............. 2, 255 84 27.78] 30. .04 72.8] +1. 5S} 551 15| 3,993 nw | 5} 22) 4] 5.6) 
11; 30.04) 30.05) +-. 04 —0.4 75| 73) 86 5-33 —0.4 8, 935) sw. s 20; +6) 15, 10) 5.4) 0.0] 0.0 
29.65) 30.08) +.01 78.6) +0.1) 94) 2) 87) 62) 6 7 24 71 69; 80) 4.08) —2.0} 9) 4,971] sw. 31) nw 5) 5.3 0.0) 0.0 
a onl 29. 9 30.07; +.06: 79.4) +0.7 91 86; 67) 6 73 21 73 84) 9. 64! 1s) 4, 800! sw. 35) 31, 14) 9) 5.5 0.0) 0.0 
30. 02| 30.08) +.05, 82.3] +0.9) 97) 30) 89} 70) 10) 75) 23, 76 73) 79) 8.02} +0.8 19) 6,706) sw 54| ne 30, 6) 20 5) 5.4, 00 0.0 
West +.65, —0. 72) 71; &2 7.39 +1.3 18 4, 156 sw 30) 8 25 3 21 6.0) 0.0) 0.0 
Augusta 180 77| 29.86) 30.05) +.03 81.4) +0.1) 98) 30, 90} 67| 15] 72} 23) 72) 79) 4.97; —0.3) 17, 3,392) s 32) w 15, 17) 1016.5, 0.01 0.0 
194) 30. 01 30.08) +.05 82.0) +1.5] 30 91 6) 73) 25 74 73| 5.21) —1.0) 15] 7,726) sw 46) sw 25) 8} 18 5 5.3) 0.01 0.0 
ksonville........... 30. 30. 10 +.07 82.0; —0.1) 94) 30) 90) 2| 74, 23; 74 72! 78) 3.91) —2.3 2 7,916) s s 20; 14) 12) 5) 4.2} 0.0' 0.0 
| 
Florida Peninsula. —0.7 76) 7.40 +1.0 | 3.6 
Key West........ 22} 10) 64) 30.07| 30.09] +.06, 82.3, —1.2 90) 6, 8s} 12 77) 16] 75 73! 731 6.90 | 48) 
i . 6 .90' +3.3) 15) 6,406) se. 34) nw. 5. 10' 16 4.8 0.0) 0.0 
Miami 25) 73) 79) 30.09) 30.12)... | $0.6] 881 251 86] 69) 11 17} 74) 72 75) 40.9 21 4,783 e. | 24) nw. | 6 6) 13 12 6.2 0.01 0.0 
Sand 23} 39} 72) 30.07/ 30.10) +.07 1.0)... 88} 6| 84| 70 12) 79) 13] 75 73| 74] 1.68)...... 7, 8,413, se. | 37)e. | 13 816 7) 5.2) 0.0/0.0 
30.07| 30.10) +.06 81.6) +0.4) 94) 9 89} 69 3 74) 20) 75) 73) 80) 7.15) 17 4,012) sw. | 42 se. | 12 1/25 0.00.0 
East Gulf States. | 80.1) 40.4 5.7 
1,174] 190] 216, 28.86] 30.07] +.05, —0.3| 93, 30| 62) 5| 22) 71 78) 6.97 ¢ | 
6 +.05) 77. .97| 19, 5,913, nw. | nw. | 29° 6) 12 13) 6.4) 0.01 0.0 
370) 78 87 29.68) 30.06) +.04| 80.4) +0.4) 96 10 90 83, 71) 24 73| 77| 7.14) +2.5) 3,502, s. || nw. | 22, 3/20 6.2 0.0/0.0 
49) 58) 29.79) 30.06 80.9} 95) 31) 90, 67) 6| 72) 32) 73) 71) 78 3.64) —1.7| 15, 2,960) sw. | 25) sw. | 0) £9 127.2 0.0) 0.0 
741 571 78 7 7 7.5 +0. 7) 7,537 w 36) sw. 11 6) 14 11)6.2 0.0) 0.0 
+. . 2} +0.3) 95) 30) 89) 58 6] 68 29 5 +0.5 14, 2,633 se 31) nw. 13; 15} 12, 4 4.1) 0.0) 0.0 
00) 11) 48 29.33) 30.08) 29.5] —2.0) 94) 30) 89) 50) 5] 70 25) 71) 77 5.23) +0.5| 13) 3,435) sw. | 27, w. | 5] 20 65.3) 0.0/0.0 
Mobile. 125| 161} 30,01) 30.07) +.06) 81-0] +0.5| 92) 13 68) 5) 74) 21] 74) 72] 81) 9.57] +2.5) 16 5,708) sw. | 29) w. 7, 5124 2/5.5| 0.01 0.0 
Montgomery...........| 228] 100) 112 29.89) 30.07] +.05) 81.6) —0.1) 97] 30) 91| 65) 6 73, 24 73 70) 4.01) —0.7) 11) 4,025 w. | 25 | 31 10/18 3 5.2 0.0/0.0 
New Orleans.......... 5 3| 84) 30.01, 30.06] +.06 82.4) +1.1| 95) 31| 89) 7220/76 76, 74 80, 4.05, —2.4) 11) 3,634] sw. | 27) ne 
West Gulf States. 2 +0.4 | 73, 1.79) -1.3 | 4.3 
ad 
Shreveport...........-| 249) 77| 93) 29.78) 30.04) +.06 81.8 98] 31] 91) 63) 5) 73) 24) 74) 77 4.09 +0.4) 9 4,759 s. 35 mw. | 19 1416 1) 3.8) 0.0) 0.0 
Fort "457| 79) 941 20.621 20/68) 4.0i| 82.6] +1.6)1021 261 92| 5| 73, 26 747i Fi) assole. | ce. | 
ittle Rock. 357] 139) 147) 201.65, 30.02) +.03 80. 0} 98 28) 61) 72) 33 70) 76) 2.39) | 33s 7 7,13 11) 5.8 0.0) 0.0 
ms 20) 11) (73) 30-01! 30.03) 83.4) 40.7) 19] 89) 75) 78) 20) 75) 0.031 1.6 2'10,953) | 715) 133) 3.9 0.0, 0.0 
Fort Worth............| 670) 108, 114) 29.26 29.961, 85.01 20 96) 65 4| 74 33) Las | w. | 
Galveston 54} 106| 114, 30.00, 30.06] +.08 82.2} —1.2) | 19| 78) 76, 74| 79; 1.601 Gad 
| 30.00, 30.06) +.08, 82.2] 1.2) 89 14] 86] 69) 19} 78 20) 76, 74) 79 1.60) —2.4) 10) 7,459 s. | 33) n 19 14,13 4) 4.4 0.0) 0.0 
Houston...............| 138] 111/ 121| 29.90 | 971 91) 70. 18/74) 24) | ace 
Houst 138) 121) 29.90 | 82 97 5,076 s. | 14 14/17 0) 3.6 0.0! 0.0 
Sal Seoul +. +0. 73) 69) 72) 4.24) +1.2) 5,279) sw. 39) s 1, 5.0, 0.0) 0.0 
582) 55' 63) 29.44! 30.05' +.09 84.0) +1.3'101' 20' 95! 66° 5! 74) 2! 6928! 29) s $ 1315 4.4 0.0' 0.0 
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TaBLE 1.—Climatological data for Weather Bureau Stations, July, 1922—Continued. 
Pressure. Temperature of the air. Precipitation. Wind. 
2 = 33 a | sis velocity. 3 
Districts and stations. | $8 | | oa |ta| on o: Ss gs 
Ohio Valley and Ft. | Ft.| Ft.| In. | In. | |° F.| Fl Fa % In. | In. Miles. 0-10) In. | In, 
Tennessee. 75.9 1) 4.14) 40.1 5.2 
Chattanooga........... 30.06) +.04| 77.8) —0.6 95) 28 87} 61) 5| 69) 24) 70) 67] 75) 3.65) —0.2) 15) 4,421) sw. 44] nw. | 23) 16 8 5.5) 0.0) 0.0 
30.06) +.04| 77.3) +1.1! 93 11! 86} 60 68) 24) 70) 67 4.02) —0.2) 12) 4,074) sw. 32) s. 15} 2) 13 16, 7. 0.0) 0.0 
30.07; +.07) 80.0| —0.7, 96 28 87| 61! 4) 73) 19 74) 3.71) +0.2| 6) 5,255] sw. 40) nw. 23) 10, 13) 5.9} 0.0) 0.0 
Louisville............. 30.04) +.04) 77.0) —1.6 94] 27,86) 5) 68) 23 68) 64 7.79) +4.0 6,707) s. ne. 27, 13) 12) 4.3) 0.0] 0.0 
ndianapolis. . . +.03) 74.6) —1.6) i 67) —1. sw. sw. 0. 
Royal Center. . 30.01]...... | 92} 821 47, 4] 61] 35]....)....].. 5,881] n. | 60; w. | 10) 9| 11 11 0.0! 0.0 
Cincinnati....... -03) +. -4| —0.3) 96) 2 ) ) 6 ,578) sw. sw. | 8 4, 0. . 
30.03) +.03] 73.7 92| 10 83) 52 5| 64) 66! 62| 67| 2729 —1.4) 8 6,891) sw. 36) nw. 12) 10) 17, 4) 4.7) 0.0) 0.0 
30:04 203 43] SOL Sol 6/60 asl g’sial | ail we | 23 10 Gol 
<a +.03) 70.4) —0.1 1 10) +1.1 w w. 6. 
Parkersburg.......... 30.05) +.04) 75.3) —0.3 93] 27) 85} 53] 6) 66 28) 67) 65) 76 —1.0 3,093) se nw. | 12) 11 il 5.6) 0.0) 0.0 
30.02) +.02) 73.9) —0.7, 93) 12) 83) 55) 5) 65) 27 65) 61) 67) 2. —1.6 8 6,773) sw. 54) sw. 1, 10} 13, 8 5.4) 0.0) 0.0 
Lower Lake region. 71.0) —0.6 69, 2.66) —0.7 » 
7) 280} 29. 20) 30.02; +.05) 70.1) 1| 91| 12) 77) 54) 4) 63) 23) 63 2.52} —0.9 sw. 60| sw. 12 ll ni! 5.7) 0.0) 0.0 
448) 10, 61) 29.52) 29.98)...... 68.7; —1.8 89) 12) 78} 49) 29) 59 1.86) —1.4 5, 877| sw. 39) nw. | 12) 17; 10; 4) 3.5) 0.0) 0.0 
335, 76 91) 29.64) 30.00) +. 04) 68.8) —0.8) 89) 11) 76) 55) 9} 62) 26 64 2.56| —0.7| 9) 5,369) s. 25) sw. 17} 15} 7; 4.5) 0.0/0.0 
523) 102} 29. 46) 30.02) +. 05) 70.6) —0.1) 93) 79) 53] 5] 62, 28) 63 2.17; —0.9| 9) 4,852) sw. 27| w. 1) 13) 13 4.5) 0.0) 0.0 
97) 113] 29.40) 30.04, +. 07) 69.6) —1.2 90) 12) 78) 53) 9} 61) 25).... 2.39] —1.3) 7) 6,016) s. 28) sw. 17} 10} 12) 9} 5.2) 0.0).00 
vin 714 130) 166} 29. 26; 30.01) +. 03) 71.5) —0.3) 93) 11; 79) 53) 5) 64, 24) 64 4.06) +0.8) 12) 7,792) n sw. 12) 11} 16 4.7) 0.0) 0.0 
762; 190, 201i] 29.22) 30.02) +.03) 71.6) +0.2 90) 11) 78) 52; 65; 24) 64 3.98) +0.4 9) 7,591) n 36) nw. 17, 8 15) 8 5.2) 0.0) 0.0 
629 62, 103) 29.35) 30.02) +.03) 73.2) —0.4) 92) 10) 81) 54! 5) 66 2.60} —1.2| 9) 7,368) sw. 46, sw. 11) 9 18 4.4.6) 0.00.0 
628, 208; 243! 29. 36) 30.03) +. 04) 72.3) —0.9 90) 10; 81] 51} 4) 64) 25, 64 2.55} —0.7| 11) 8,629) sw. 73) sw. 10; 13) 15 3| 4.5) 0.0, 0.0 
Fort Wayne..........-| 8.56) 113) 124) 29.12) 30.03)...... 72.1] —1.3; 90} 10} 82) 51) 5} 62; 29) 64 4. 08)...... 10) 5,879) sw. 55) sw. 10; 15) 8 5.4) 0.90.0 
730) 218) 245) 29.25) 30.02) +. 04) 72.6) +0. ‘| 89} 10) 53) 4| 65) 22) 64 1.99} —1.5| 12) 6,581) sw. 54) sw. 10, 7) 18) 6) 5.1) 0.00.0 
Upper Lake region. | | 66.8} —1.2 3.69) +0.6 5.3 
29.35) 30.02; +.05) 64.4 &5| 16) 73) 43) 4) 56) 32 60. 3.56) +0.5 7, se. 42) w. 14) 10, 5.5) 0.0, 0.0 
Escanaba... 29.33! 29.98) +.01] 64.0) —2.5 78) 27) 71) 45) 4 57| 21 7.37| +4. 11| 6, 439) s. 43) ne. 7} 10) 10) 11) 5.5) 0.0) 0.0 
Grand Haven 29.33) 29.99) +.01) 67.4) —2.3| 89) 9) 75} 48] 4) 60; 33 62 3.22) +0.6) 6,505) w. 33) s. 10; 13) 8 5.1) 0.0, 0.0 
Grand Rapids......... | 29. 26) 30.01; +.03) 71.2 —1.4) 89) 9) 81) 49) 4 62; 33) 62 4.05) +1.4 ~ 3,646) w. 22| nw. 7 6 16) 9 e 0.0; 0.0 
29.21) 29.96} 63.2) —2.1) 85) 14; 72) 45) 7| 54 29 2.10) —1. 6, 396] w. 35) w. 15} 9} 11) 11! 5.8) 0.0) 0.0 
Marquette. .. 29. 21) 30.01) +. 05} 63.0} —i.9 85) 15| 71} 44) 7) 55, 31| 58 3.49 40.4) 14) 4,738] nw. | 25) se. 8} 9 14 6.2) 0.0 0.0 
Port Huron. 29. 23; 30.02, +. 04) 68.9) —0.1) 88) 10) 78) 46, 5, 60, 28) 63 2.01) —0.7| 11) 6,802) ne. 35) w. 10; 9 18) 4) 4.2) 0.0; 0.0 
Saginaw........... 29.32) 30.01!...... 60. 4...... | 86; 10 80; 45, 4) 58; 29 63 3.21; —0.5) 9} 5,277] nw. sw. 12; 10) 10 11) 5.2) 0.0) 0.0 
Sault Sainte Marie. ... 29.31) 30.00! +. 03] 61.6) —0.3) 85) 16| 42) 4) 52) 33) 57 5.44) +2.7| 13) 4,587) nw. 36) se. 9} 11, 10 10, 5.4, 0.06 0.0 
29. 14) 30.01) +.03) 73.3) —0.6 93) 9) 80) 60 4| 67; 64 4.00} +0.4) 7,241) ne. 38} 8. 12} 10, 9) 4.7) 0.0) 6.0 
70.27, 30.00) 4.08, 69.8) 40.1 92) 77] 9) 68 2-99) sw. | | 11/1010 
. +. +0.1) 92) —0. sw. se. 4 
28.77; 29.97; +.02, 63.6; —0.3 84) 14) 73) 44 4) 54 33) 58 2.30) —1.4| 12) 7,985) ne. 36, ne. 12 ll 5.9 0.0; 0.0 
| 
North Dakota. | 66.8) —2.0 63) 2.12) —0 5.0 
Moorhead ............. 940) 50) 58! 28.96) 29.96) +.02 67.3) —1.4) 92 14) 78} 45) 7) 56) 32) 60) 55) 67) 1.65) —2.1) 4,782) nw 24) nw. 17; 3) 18, 10 6.1 6.0 0.0 
1,674, 8 57) 28.24) 30.00) +.07) 67.9) —1.9 14) 80, 40) 7 56) 35) 60, 55) 2.77; +0.6, 10) 5,094) nw 38) nw. 14 12) 16} 3) 4.6, 0.0) 0.0 
Devils Lake........... 11} 44) 28.40) 29.95) +.02, 65.7) —2.4 93) 14) 78} 42, 53) 35) 59) 54) 70) 0.87) —2.9) 9) 5,765) nw. 33! n. 25,17, 8 6 4.3) 6.00.0 
1, 878 al) 48} 28.00) 29.94) + 66.4) —2.5) 95) 14) 78! 47) 10) 54 38 58 3.18) +1.2) 12) 4,301) n 28) se. 15, 5.1 00 6.0 
Upper, Mississippi | 67, 4.24) 40.6 5.3 
alley. | 
Minneapolis........... 918) 102) 208} 29.00) 29.96)...... 30 52) 7| 61 1.67) 7,087) nw. | 41) s. 5; 15) 11) 6.0, 0.0 0.0 
837) 236) 261} 29.08} 29.97) +.02) 68.8) —3.3) 91) 30] 78] 51) 3) 59 29 2.32] —1.1 7| 7,394) w. se 9 17) 5 5.2) 0.0 0.0 
La 714 48} 29.22) 29.97] +.01) 69.0) —3.6) 86| 79} 49) 4) 59) 2.08} —2.0| 2,727] se. | 20) 9 14 6.3) 0.0 0.0 
Madison............... 974, 70| 28.99 30.01’ +.04) 69.6; —2.5) 90; 78; 9 62) 35 65 59 73) 6.09, +2.0) 12) 5,290) nw. | 35) se 6 11 146.5 6.0 0.0 
1,247, 4)....] 28.69) 30.01 ...... 84) 21) 76; 46) 3) 56) 3.49 12) 7 12 5.7 0.0) 0.0 
Charles City........... 1,015 10) 49) 28.94) 30.00 +.04 68.7| —4.8) 86, 9) 79) 47) 3) 58) 32 63) 59! 72) 7.25! +3.7| 14] 3,532) sw 23) sw. 5, 10) 12; 9 5.2) 0.0; 0.0 
696 71 79| 29.36) 30.01 +.04, 74.2; —1.2) 94 9} 84) 55) 3) 65 27 65, 60) 64) 5.66) +2.1) 10) 4,464) nw 42) 12; 11! 5. 4) 0.0) 0.0 
Des Moines............ 861) 84) 29.10) 29.99 +.03) 73.0) —2.5| 90) 31} 82) 53) 4) 64) 28) 65' 61) 7.13) +3.3) 13) 4,477) s 37| sw. 11} 10 10) 5.2, 0.0) 0.0 
64) 20.35 30.02 4.04 75.5) 96 85) 62 26 62 6.35) 42g | 00 00 
614 64) 78) 29.35, 30.02 +.04 75.5) —1.5, 96 9 +2. 528) s. | 11) 5.4) 0.0 0. 
534 74! 109) 29. 44) 30.00 +.02, 75.8; —1.6) 96) 22) 86) 54) 8) 66, 26} —1. 5, sw. | sw. | 8 48 0.0 0. 
567| 265) 29.41) 30.00 +.01) 78.8) +0.2) 96, 88) 60 4) 70, 26 63 63 Gl) 2.42, -1.0, 9 7,960/s. | 815, 8 5.0 0. 0.0 
| 
Missouri Valley. |" | 23.9] 69 4.60) +0.8 4.7 
| at 
Columbia, Mo......... 781) 11 29.18 30.00 +.02 75.8, —1.6 96) 22} 86] 50, 4! 65 3.49] —0.2) 10) 4,385] s w. | 2916 8 7 4.6 0.0 0.0 
Mangas 161, 181, 28 98 29.98 +.01 76.9) —0.7) 29) 86} 59] 3) 6S 23 69 65) 4.66) —0.2) 11) 6,163) s. 56; nw. 29) 12) 16, 3, 4.4 0.0 0.0 
967 11 49) 28 96) | 94) 31, 86) 53) 4,66) 29, 64; 70) 4.16)...... 9) 4,975) se. 48) nw. 11} 17) 3) 3.8, 0.0; 0.0 
Springfield, Mo....... 1,324) 98, 104) 28.64 30.02 +.04) 76.4) 0.0) 95) 22) 85) 57) 4) 68) 25 69) 65| 71) 6.15) +1.4) 11) 6,124) s 31| nw. | 25) 20) 9) 2) 3.3) 0.0) 0.0 
| 76.4); —1. 9 6 +3. Ss. | nw. 0. | 0. 
1,105) 115) 122) 28.83) 29.99 +.04) 74.0) —2.5) 91) 16) 83) 56) 3 65) 27, 63) 70) 5.60) +1.3) 13) 4,534) se. 35) nw. 29) 11) 15) 5} 4.5, 0.0 0.0 
Valentine. ............ 2,598) 54) 27.33) 30.00 +.07 70.1) —3.1) 94) 30) 82) 42) 12) 58) 35) 62, 57) 69) 3.89) +0.5) 12) 5,608) 49| nw, 16; 11, 13, 7, 4.7 0.0) 0.0 
1,135) 94) 164) 28.80) 29.98 +.03 71.7) —2.5/ 92) 23) 81) 50) 3) 62) 33) 64 66) 5.97) +2.4 9| 7,131) s 48 se 8 13) 10| 5.8 0.0) 0.0 
1,306) 59) 74) 28.63; 30.00 +.06, 70.6) —1.2) 94) 30] 82) 47) 59) 34) 62 67; 1.15) —1.8 10 5,493) se. se. ‘| 12 12) 3 8.0) 0.0 
1,572} 70 28, 34) 29.97 +. 04) Lape —3.3) 95) 30) 83) 49) 7 33) 64 2.84) +0.5) 13) 5,382) e. 45| nw. | 24 12 8) 4.8) 0.0) 0.0 
,233' 57) 28.67! 29.96 +.02' 72.0' —2.1! 95' 82 7 3.17' —0.4° 4,532' nw. 32! s. 8.717 7 5.5 0.0 0.9 
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Temperature of the air. | 3 | | Precipitation. | Wind. | la! 
instruments. | | 5 
§ 3 =| | | | | | 
Districts and stations. | § | on | tei! on: | | 8 | ied | | 3 
Ft. Ft.| In. | In. | In. |° F.|° F.| % In. | In. Miles. | 0-10 In. |In 
Northern Slope. | | | —6.9 | | | | | 38 2.21 +0.6 | | 4a 
2,505) 11) 44 27.39) 29.99, +.08 67.2 —1.1) 98, 3/81) 45 11 53) 45) 56 50; 60) +0.8} 10) 4,117) sw. 46) n. 4 16) 12) 3 3.6) 0.0! 0.0 
4,110 87) 112 25.88) 30.00 +.07) 66.0, 93. 31/80, 46. 17 52} 39 53 44) 52 1/39 +0.2; 5,411) sw. | 39) n. 4 13) 9 9) 4.5) 0.01 0.0 
Kalispell 3) 56) 26.96) 29.96 +.03) 64.6! +0.3, 94 3) 80} 45 11) 50; 41) 51) 40 51) 0.81 0.0) 47307 hw. 34] sw 7,19) 11) 12.9 0.0) 0.0 
7 30.00, +.08; 72.8! —0.1/ 98 19) 87) 46) 11 59) 60 «60! 2-17 40.8) 3,766) n. 36) nw 4.13 16) 2) 3.8 0.01 0.0 
30.02) +.09 67.5) —2.7100 14 79) 47 11) 56) 39 53) 62) 4°33 41.8) 15 4,762) w. 34 n. 20° 13 13) 5) 4.4) 0.0 0.0 
29.99 +.07; 65.5, —1.9, 92 14! 79, 52) 40 53, 45) 56 2.01 0.0) 14 7,658 w. 49) w. 15) 12) 13) 6) 4.4 0.0) 0.0 
29.97 +.05/ 68.0 0.0 94 19] 82 42 12 54) 42 33 44) 0.09) —0.8) 3) 33778 40 sw. 8 12,18) 1) 4.3) 0.0) 0.0 
30.02)...... | 66.0)...... 95) 19) 80, 40) 17 52) 44 57 51) 66 20 3,057 nw. 30) nw. 23) 12. 16) 3) 4.4 0.0) 0.0 
30.02, +.10) 59.7! —1.8) 86: 3) 74! 38, 17, 45) 44 48 41 58) 1.45 +0.3) 12) 4,816) sw. 39, nw. 5, 12) 12) 4.5] 0.0] 0.0 
30.02 +.09) 72.7! —0.2) 98 15) 851 48 7 69) 36 63 71) 4.91) +2.2) 12) 4°346 n. 2318 6 713.8 0.0! 0.0 
76.3| ~0.4 | | | 3.60 40.6 | | | 
29.99, +.08) 71.8] —0.4 97 15) 85 50 59} 37, 56, 47, 52, 1.87 +0.2) 12 5,500 s. 38) w. | 8 9) 19! 3! 4.6) 0.01 0.0 
29.95) +.04 74.9] 40.7101) 15 90; 53 8/60) 45 58) 49! 51) 0.29 5 4,828) nw. | 28) 4) 23) 5.5 0.01 0.0 
29.97, +.02) 75.4) 96) 21] 56 65) 31 67) 63) 69 5.82 42:2] 19 5/210 46) nw. | 6) 9] 18) 4) 4.7) 0.01 0.0 
29.98: +.05/ 77.2! —0.5,101; 21] 90| 53 7) 65) 35 61) 66 2.86) —0.5' 7'142 co. 6, 19, 11 12.9 0.0 0.0 
29.95 77.5} —1.5; 95) 23) 87) 60 4 63} 28: 70 67) 73 8.46, +4.8) 9 8 456) s. tS n 10) 9 17) 5! 4.5) 0.01 0.0 
i 30.00 ...... | 97) 31) 88) 58 4) 70) j----| 7.89)......1 8! 7,798) s, | 9 13) 9} 5.0) 0.01 0.0 
29.97 +.01) 82.0) +2.2 105) 26 93} 58 4) 71) 30) 70 66) 64) 2.31 7,823) s 348. | 10) 20 7) 3.4) 0.0] 0.0 
29.95, +.02) 84.1] +1.9.103! 96) 62 4) 72) 30 68) 61) 52, 0.96, -1.4 2 | | 9 13 9 914.8 0.0 0.0 
29.96) +.04) 78.8) +2.7 99) 21! 92, 57) 4/ 66) 32 64 56) 54 1.04 & 7,917 s. 36> n. | 6) 28 3! 2.7] 0.01 0.0 
29.97) +.07) 83.7) —1.0 98! 20) 93! 68 3 |----/ 2.84] +-0.6] 77333! so. 27s. | 24/ 13) 12] 6) 4.2) 0.0! 0.0 
29.91) +.03) 79.6) +0.7102! 93) 58, 4] 34 61, 50; 43° 0.17, —3.3! 3) 6;065 se. 36 mw. 2) 18) 13; 0) 3.0 0.0) 0.0 
| 0.2] 44.2 | | | 41 0.72 —0.5 | 
29.85) +.01 81.9] +1.4101 6) 94! 63} 70} 33) 63, 52! 42) 1.08 —1.0) 9 7,545) se ne. | 2/23 8 2.4 0.01 0.0 
a 29.90) +.02| 70.2) 88 83, 54 1) 57) 54 45) 49 «1.75! —1.0' 10 2s ne. 16, 11) 16) 4) 4.6) 0.0) 0.0 
66.6) +1.6 91) 16) 82) 45 52) 42... 12, 5,455 w. 30) w. 5} 14] 15} 0.01 0.0 
29.80) +.02) 90.6] +0.2112 5/104) 72 18 771 34° 30 Go 42} 0.74; —0.3) 7) 3,767| w. 5, 11) 15) 5) 4.6 0.01 0.0 
29. 69) 29.83) +.07| 91.8} +0.9112} 51106) 71 1) 381 36 73 64) 45 T. | —0.1) 4,232 sw. | 97 s. 25) 4) 2) 2.0 0.0) 0.0 
26.00) 29.94 +.11) $0.1) +1.6.103 15 96, 57° 25] 65] 39 56 38) 27; 0.02 -0.1) 1 4,069 nw. | 32 se. | 251 2.0 0.0! 0.0 
A j | 
| | | | | | 36 0.6340.2) 
i }4,532) 74) 81) 25.55) 29. 96) +.09) 73.3) +5.8100; 3) 90, 44 24/56; 43 53° 37 0.33'+ 0.2) 2 4,990 w.] 42) sw. 419) 10) 22.5 0.01 0.0 
i 6,090; 12) 20 24.18) 98; 15) 88 53° 63) 29° 53; 34) 27) 0.844 0.5 3 5,570 39 nw.! 17) 14) 0) 3.4 0.0! 0.0 
Winnemucea.......... 4,344) 18) 56, 25.67| 29.98 +.09) —0.2 99) 90) 44) 27; 531 47 52) 36, 36 0.36 + 0.2; 4 4,444 38\ 4] 6! 6 3.2) 0.0) 0.0 
5,479) 10) 43: 24. 70| 29.92; +.06, 72.1, 42.4 14, So) 55] 45, 52, 37) 38 1.22 & 73932 wl 40 sw.) 15) 20) 9! 2/2.9 0.00.0 
Salt Lake City. ....... 4,360) 163) 203 25.66! 29. 94 +.04) 76.6) +0.9 98. 13 88, 58, 22) 65, 33° 57, 44) 37) 0.654 0.1 4 47846. nw 39, nw. | 22 19 9 0.0) 0.0 
Grand Junction... 4,602) 60) 68) 25. 42) 29.93) 77.7 —1.5 102 15) 92, 55, 12) 64! 36 58 47; 40; 0.40— 0.1) 7 4,513, se.| sw! “sx 13,13) 5 4.2 0.0 0.0 
i | (74.1 43.1 | 37 0.08 — 0.4 | | | {ae | 
Si 67.8, +2.8 97) 3) 84) 44 16 511 45 53, 41) 42 0.01'— 0.4 1 4,314 nw. | nw. | 47/43) 3.2 0.0) 0.0 
| 75.6) +2.8104 13) 91] 53 10; 60, 4057, 42; 37, 0.19, 0.0 1) 3130 nw.| 20) 19; 7} 2! 2.4! 0.01 9.0 
3) 94) 54: 21) 61) 0.06— 0.4, 2 2,694 23} nw. | 4/20) 4) 0.0, 0.0 
+0.8 98) 4) 87! 46) 10) 57] 45° 53/38) 0.5, 2 5,785; se.| 46) 23! 13] 31 3.7, 0.01 0.0 
3.2; +4.2101) 88 51 11) 59] 39 55. 39° 36 06 2 4,182 sw.| 28 ne.| 7 20; 112.6) 0.0! 
i +3.9 107 3 91, 59 16) 65) 37 58 43) 33 0.4 1 3'643 sw. 19) w.| 24 6 12.0 0.0 0.0 
| Coast eed 0.0 | | | | | 46 
4 North Head........... 212) 121) 56, 29.91) 30.14 +.06 ~2.9) 63, 2) 58 48 16) 52) 11 53) 52) 92, 0.08 0.5 211,208 40 nw, | 3! 6 14) 11/62 0.0 0.0 
Port Angeles.......... 29° 8 30.10 30.13 ......| 56.8)... 2} 65, 45) 24 48) 0.00— 0 5,244 nw.| 25 w! 7 20 8 3.35 0.0 O0 
125) 215 250, 29.98) 30.1), +.07) 62.9016. 3) 73) 48) 21) 53) 29 0.00 — 0.7 0 4,431 nw.| 23) 7 Is 1) 234 6.0 
| 213) 113, 120 29.89) 30.1), +.05) 63.6 +0.2 90 3} 74; 48) 21) 53) 30....!.... 0.7) 0 3,64 17) a3 0 15 16 7.4 0.0 0.0 
Tatoosh Island........ 86) 57, 30.03, 30.12, +.08) 53.0, —2.1 66! 1 48 16 50) 16 51) 50 0.02-- 1.8 28753 39 se.) 4) 4) 23 80 0.0; 
| Portland, Oreg....... | 153} 68 106 29.91 30.07 +.02) 68.2) 41.5 95 2! 50} 49 22; 57] 33°59! 52, 61 TT. 4,353 nw. | IS nw. | 16 18 10 33.0 0.0 0.0 
Roseburg. ........... 510, 9 357) 29.51) 30.05, +. 02! 71.0, +3.6105 45 54] 48 47, 53.00 0.3, 0 2688 on 29 2 009 0.000 
| | | | | | | | | | 
73) 89, 30.02) 30.08) +. 03) 55.1! -0.2 67 2 59) 49 15 51) 15 82 50 87 0.1 0 4,09 nw.} 19) nw 2 3 9 19 7.6 0.0 00 
7) 18) 29.46) 54.7) 41.0 66 11 47) 28 51) 0.00, 0.0 012,64} nw. 50 nw. | 24 3 27, 9.0 0.0 0.0 
50, 56) 29.54) 29.8% —.01 83.6 +2. 8112 4100, 24 68 37 63 49 37 0.00 0.0 0 3,389} 15 se. | 10 29 2 00.7 0.0 0.0 
106 117| 29.84) 29.91 +.03 73.9 15 92| 52 24, 60, 42 62) 55 55 T. | 0.0 6,592) 2 s.| 730 1 0108 0000 
208 243, 29.82) 30.00 +.03' 60.2, 74 15 66 50 30 54 20 55 OT. | 7,317} sw. | 30 22 11 14 6 4.4 0.0 0.0 
12, 110; 29. 83) 68.0, 15 82) 45 23 54) 0.0 0 4,113) nw. | 20 nw. | 2224 7° 024 0.0 0.0 
+09 | | | | | | jot. | | | 
| | | | | | | | | } 
89 98, 29.55) 29.89 +.06 83.8) +1.8108 15,100) 56 24 68] 38 62 46 33° T. 6,080) nw. | 24) nw./ 18 28! 00.8 0.0/0.0 
159 191) 29.61) 29.97, +.07 69.5, —0.9, 83 15.79 37 27; 60; 25 62) 50 79 T. | 0.0 03,7741 sw.| 29! 15 21) 8 23.0 0.0 0.0 
62) 70, 29. 87) 20. 96) +. 04 67.7, +0.5 76 15 72) 63 13 63 61 0.01 0.0 1 4,583 w.] 22) | 17 1611 414.0 6.0 0.0 
32 40, 29.78 30.00 +-05, 65.2) +2.0 87, 25, 77, 46) 23, 53 35 37) 52, 73, 0.0, 2,823) nw. | 16] 25 24 2.5, 0.0 0.0 
San Juan, P. R....... 8 54 29.99) 30.08)... 86 30) 84) 72) 14) 75 | 4.39— 2.0 2411,431/ e | 32) e 2 gis 4 4.7 0.0 0.0 
Panama Canal | | | 
Balboa Heights....... ll 97| 29.73 29.85 +.01 81.4) +1.0 911 23) 88 70) 29, 75) 16 75, 74 85 5.08 — 2.5) 16 5,609 nw.| 30) 17 16 15) 7.4 0.0 
chp 7) 97) 29.83 29.86) +.01 82.4! +212) 99 28 73) 17) 78) 12 77) 76 4.40~11.3 18 84401 25 2 14 157.0 0.0 0.0 
Alaska. | | | | | | | | 
ll | $4.0)...... 74 41) 21) 48) 26 51) 49 83) 19 3, 675, S.| 23) 9! 5] 25) 0.0 
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TABLE 2.—Data furnished by the Canadian Meteorological Service, July, 1922. 
Pressure. Temperature of the air. Precipitation. 
Altitude 
on Stati Sea level 
mean ation | Sealeve 
Stations. sea level,| reduced | reduced Mean | Mean Total 
Jan.1, | to mean | to mean “ai maxi- mini- | Highest.| Lowest. || Total. 
| 1919. of 24 of 24 from mean from mum. from | snowfall. 
‘ hours. | hours. normal. || min.+2. | normal. normal. 
Inches. | Inches. | Inches °F. 
20 29. 92 29. 94 +0.09 56.7 . 67. 
296 29. 67 29. 99 + .08 67.5 +2.0 78. 
187 29.77 29. 97 + .04 69. 2 7 77. 
236 29. 73 29. 99 + .05 69.5 0.0 81.0 58.0 88 49 1, 89 —1,58 0.0 
285 29. 69 29. 99 + .02 68. 7 +0.5 76.0 61.5 83 52 3. 20 +0.31 0.0 
379 29. 60 29. 99 + .02 69. 5 +1.5) * 79.9 59. 2 87 50 2.99 +0. 07 0.0 
White River, Ont............ 1, 244 28. 64 29. 93 — .Ol 58. 4 -Lil 73.8 43.0 82 24 2. 46 —0. 34 0.0 
Port Stanley, Ont..:...... 592 29. 40 30. 03 + .05 67.0 —0.8 76.6 57.5 81 46 3.78 +0. 74 0.0 
Southampton, Ont.... 656 64.1 —0.6 73.3 54.8 85 42 6. 58 +4. 60 0.0 
Parry Sound, Ont... 688 29. 30 29. 98 + .02 66.5 +0.5 76.7 56. 3 87 44 5.19 +2. 57 0.0 
Port Arthur, Ont.. P 644 29. 26 29. 97 + .08 61.5 —0.5 71.0 52.0 81 41 4. 06 +0. 58 0.0 
760 29. 10 29. 91 — .02 66. 2 +0.2 77.7 54.7 89 41 4.95 +1. 87 0.0 
1,690 28.15 29. 93 . 00 62.8 +0.6 75.2 50.5 88 41 1.17 +1. 43 0.0 
2,115 | 27.72 29. 93 + .01 62.5 —1.0 76.0 49.0 89 38 1.51 —0.97 0.0 
Swit Current, 2,392 | 27.43 30. 01 + .10 63.9 —2.6 78.7 49.1 92 38 1,05 —1.39 0.0 
2,150 | 27.68 29. + .02 62.7 +2.1 77.7 47.8 88 39 1.73 —1.30 0.0 
Prince Albers; bau 1,450 | 28, 39 29. 94 + .03 63.6 76.7 50.5 89 42 |) 0. 54 —lol ) 
| 
1,562 28, 21 29. + .02 64.7 6.0 80.6 48.8 89 38 0. 2: —2,12 0.9 
, LATE REPORTS, JUNE, 1922. 
125 | 29.74] 29.88 03] 43.2) 63.5 46.1 | 78 35 || 3.23| —0.37| 0.0 
) 2,150 27. 62 29. 86 + .02 59. 0 +2.1) 73.7 44.4 90 28 109; —1.77 0.4 
4 151 | 30.02} 30,18 736) | 79.5 67.7 85 63 10.26 +4.31 | 0.0 
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SEISMOLOGICAL REPORTS FOR JULY, 1922. 
W. J. Humrnreys, Professor in Charge. 
[Weather Bureau, Washington, September 3, 1922.] 
~] TABLE 1.—Noninstrumental earthquake reports, July, 1922. 
4 ay | | Approxi | | 
| A “| Intensity) Number | 
Day. =. Station. | Sounds. Remarks. Observer. 
a latitude. | — | Forel. | shocks. | 
civil 
CALIFORNIA | 
4 1921. H. m See. | | | 
July 5 19 00} Los Alamos............. 34 45, 120 15 3 | H.R. Geve. 
| 
MAINE. 
2} 21 26 | Wytopitlock............ 45 40 | 68 05 | 2| 16ca| None............. Felt by several.................. D. Hnff. 
| 
OREGON | | | 
5| 18 06/| Portland................ 45 30, 122 40) 3 1 | Felt by several.................. A. J. Neylon; Margaret 
| } Simonson. 
WASHINGTON. 
j 
i 5 06 45 50, 122 00) 4 1 pet by iJ Hofman: H. V. 
| } rown. 
WISCONSIN. | | 
| 
Fond du Lac............ 20).......... | Gas mains broken.............-- Press report. 
H | | | 
i LATE REPORTS. 
ARIZONA. | 
June 15; 13 40 om 32 40) 114 35 | 4 | Shocks at 14:30 and 15:20........ | J. 
‘ 32 40 114 35 5 | 5\ 10-20 | | Shock at 21:25................... 
34 10) 111 00 4 | 1 Rumbling......... | Mrs. R. C. James. 
33 40) 111 00 4 1 | 5-10 _ F. W. Croxen. 
: TaBLe 2.—Instrumental seismological reports, July, 1922. 
Time used: Mean Greenwich, midnight to midnight. Nomenclature: International. 
i {For significance of symbols and description of stations, see Review for January, 1922.] 
| , Amplitude. | | | Amplitude. 
Date. | acter. Phase.| Time. | | ance. Remarks. Date. | acter. Phase. Time. 1. ‘tance. Remarks. 
| As Aw | | 
Auaska. U.S.C. & G. Magnetic Observatory, Sitka. Catirornia. Theosophical University, Point Loma, 
| 
1922. | 1922. | | H.m.s | Sec wo | Km. 
; * Trace amplitude. -- 
i Arwona. U.S.C. & G. 8. Magnetic Observatory, Tucson. District or CotumBia. U.S. Weather Bureau, Washington. 
i | 1922. | 
1922. | H.m.s. | Sec. p | Em. July | 
13 49 59 Sacks. No det 
| 
4 
3 


— 
| 
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Hawa. U.S.C. & G. 8. Magnetic Observatory, Honolulu. Vermont. U.S. Weather Bureau, Northfield. 
1922. H.m.s. | See. “ Km. 1922. | H.m.8.\ Sec. Km. 
| 
| LATE REPORTS (INSTRUMENTAL). 
Period of pendulums, 12 sec.; 150. Sensitivity before July 15, N, 28.9; 
EF, 21.8; after July 15, N, 28.7; E, 25.3. 
Ogg es 
Inurnois. U.S. Weather Bureau, Chicago. 190 
ePx...| 6 52 00 Heavy micros. 
1922. | H.m., 8. | See “ | Km iP 6 52 00 |. 
| | 
9 i ¢ 95 distine ses Sal...| 19 123,30 |....... 
| 
Observations were temporarily discontinued at the 
| Colorado. Regis College, Denver 
No reports for July, 1922, have been received from the 
foll 
a ollowing stations: 
~ District of Columbia. Georgetown University, Wash- 
Marytanp. U.S.C. & G. S. Magnetic Observatory, Cheltenham. ington. 
| Missouri. St. Louis University, St. Louis. 
Porto Rico. U.S. C. & G. S. Magnetic Observatory, 
* Trace amplitude. Canada. Dominion Observatory, Ottawa; Dominion 
P Meteorological Service, Toronto and Victoria. 
Canat Zone. Panama Canal, Balboa Heights. 
1922. H.m.s.| Sec Km 
turbance, 6:04:48 
to 6:06:00; dis- 
tance and direc- 
tion unknown. 
turbance, 3:41 to 
3:44; distance 
and direction un- 
known. 
turbance, 9:14 to 
9:17; distance 
and direction un- 
known. 
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» cations and remittances therefor should be forwarded. to the Superintendent of Documents. . 


.35 cents A copy; oF subscription per year, 12 monthly copies and annual summary, at $4. . 


PUBLICATIONS OF U. S. WEATHER BUREAU. 
For the free publications of the Weather Bureau ly to “Chief, U. 8, Weather Bureau, Washington, DO”; 

for the others apply to “Superintendent of Documents, Government Printing Office, W i WaT 
Subscriptions for Mowraty WnaTHER Review are at $1.50 a year. Single copies, 
Subscriptions to the Review do not include the Supplements; the latter are issued irregularly and at a fixed price. 

As a rule the Supplements will be abstracted in the Review and.a statement of the price wil appear therein. Appli- 


DETAILED CLIMATOLOGICAL DATA. . 


Detailed climatologice! date for the United States and its outlying territories are collected and published in the 
monthly reports, “ Climatological Data,” issued at the Section Centers by the res ective officials in charge. 


may be secured from the Sup of Documents, Government Printing Office, Washington, D. C. 
A monthly volume, collecting under one cover all except Alaska, Hawaii, and Porto Rico, is issued, as above, at 


sections, 5.centa each, or one year, 50 cents. 
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